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INTRODUCTION 
The common tomato of our garden belongs to the natural order 
Solanaceae and the genus Lycopersicum . The name from lykos, a wolf, and 
persica a peach, · is given to it because of the supposed aphrodisiacal qualities, 
and the beauty of the fruit. By cultur e and use it is a vegetable, botanically it 
is a fruit and among the fruits, it is a berry being indehiscent, pulpy, with one 
or more seeds that are not stones. 
Though the tomato was not recognized as a valuable food until about 
a century ago, its merit is now universally accepted. Often it is referred to 
as "the poor man's orange " for it is rich in vitamins and in malic and citric 
acids, possessing besides , a fine appetizing flavor. The popularity of the 
tomato in man's diet is due to the fact that it is a most rewarding ci;op for 
the home garden. It grows well practically everywhere, affording high 
nutritional values. 
The demand for and acceptance of fresh tomato fruit is based largely 
on its nutritional value, flavor, aroma , taste , and other characteristics, such 
as color and texture. These quality criteria are dependent primarily on the 
structure and chemical composition of the fruit. The importance of quality in 
tomatoes beyond that which can be expressed in calories per gram, or even in 
vitamin content , is generally accepted in the United States. In order to meet 
this increasing demand throughout the · year tomatoes often have to be grown 
in the greenhouses. Therefore , in commercial greenhouses, the tomato has 
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replaced lettuce as the principal crop and it is likely to remain as an important 
underglass crop. 
2 
Flavor is a composite of taste and odor. Odor is produced by many 
aromatic substances which are present in fruit. Flavor itself is a very complex 
sensation. The physiological basis of flavor perception is extremely complex 
and not clearly understood . Fla vor chemistr y is a comparatively new field of 
research. Tomato fruit quality is determined mainly by the sugar acid ratio, 
pectins, color , and flavor . Among these color and flavor are probably the most 
useful criteria for estimating maturity of tomato fruit. Higher quality is 
associated with redness of color and prominance of flavor. The flavor of a 
fruit becomes pronounced when th e sugar content is at its maximum and the 
color of the skin acquires the richest shade. 
Isolation of volatile components from natural products is often 
difficult. Typical fla vor and aroma of tomato fruit is primarily due to its 
volatile components. Neither complete analysis for nor synthesis of tomato 
flavor has been accomplished due to the marathon of problems associated with 
the extraction, separation, and identification techniques. The primary aim of 
this investigation was to separate and identify some of the major flavor and 
aroma components in the developing tomato fruit and also to assess the influence 
of certain physiological and biochemical changes on the biosynthesis of these 
components during fruit growth. 
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REVIEW OF LITERATURE 
The chemistry of tomato fruit has been studied for a number of years. It 
has rightly been called the "guinea pig" among the fruits as far as research is con-
cerned. However, the extent and nature of physiological and chemical changes in 
developing fruits other than tomatoes have been discussed by many researchers. 
Soule and Harding (1956) reported that minor differences were found in the various 
constituents of mango fruit of different maturities. Non-volatile components such \ 
as starch, total sugars, total soluble solids, and sugar-solids ratio were shown 
to increase with the maturity of the fruit. The relationship between weight and 
decay losses, firmness, acidity, pH, soluble solids/acidity, volatile reducing 
substances (VRS), sugars, total pectins, tannins, ascorbic acid, and carotenoids 
to the maturity of peaches, and apricots, was studied by Deshpande and Salunkhe 
(1964). According to these inve_s.tiga:tor,s, frrmnesf?, acidity, total pectins, :;ind 
tannins decreased, while pH , soluble solids, soluble solids/acidity ratio:, , 
VRS, ascorbic acid, and carotenoids increased with increasing matu,rity in 
peaches and apricots. Recently Lim and Romani (1964) indicated that 
detectable volatiles , , firmness, soluble solids, and carbon dioxide production, 
were markedly correlated with the maturity of peaches. In an intensive study of 
developing pineapple fruit Singleton and Gartner (1965) observed that soluble 
solids, sucrose, reducing sugars, titratable acids, pH, citric acid, and 
alcohol-insoluble solids showed similar patterns of change during fruit 
development, while ascorbic and malic acids varied with environmental 
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4 
conditions. Peroxidase activity was high in the young fruit and fell steadily 
throughout fruit development. Chlorophylls in the shell showed little change 
until final ripening began. Anthocyanin and chalcone compounds in the shell 
fell steadily throughout fruit development. Carotenoids in the shell showed 
a small downward trend , while in the flesh marked changes occurred . 
(Gortner, 1965). 
Bohart (1940) in a study of western tomatoes stated that although 
considerable work has been done on the chemistry of the tomato , the relation-
ship between its chemical constituents and its physical characteristics still 
remains very vague. Halsey and Jamison (1958) studied how different varieties 
of tomatoes differed in fruit quality as determined by their bright red color. 
They reported that Rutgers variety, both subjectively and objectively, tended 
to be redder than those of Homestead or Manalucie varieties. · Tomato color 
was materially improved while firmness and per cent soluble solids were 
reduced both by higher fertilization and soil moisture levels (Moore et al. , 
1958). 
Many studies in past have indicated that tomatoes grown in the green-
house are often markedly lower in quality. Literature studies comparing 
field and greenhouse grown tomatoes is very meager. Fryer~ al. (1954) 
studied the relationship between stage of maturity and ascorbic acid content 
of tomatoes grown in the field and the greenhouse. Jones and Nelson (1930) 
found by bioassay methods that ascorbic acid concentration increased with 
the ripeness of the fruit. Murphy (1942) reported significantly higher _ 
concentrationi ·of ascorbic acid in ripe tomatoes than i? the mature green 
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ones. Maclinn et al. (1938) and Kaski et al. (1944) concluded that the stage 
of maturity had no eff ect on ascorbic a cid concentration when fruits were analyzed 
immediately after har vest. Mccollum (1946) r eported that fruits grown in sha~e 
contained less ascorbic acid , total sugars, and total solids than similar fruits 
grown in the open. Smith (1936) obs erv ed that the ca r otenoid content of green-
house tomatoes was less than that of the fie ld gr own fru it s. Corgan (1965) 
suggested that high quality greenhouse tomat oes could be obtained by maintaining 
night and day time temperatur es at 15° C and 22° C respectively. 
Review Pe r taining to Fla vor and Aroma Research of Fruits 
The reali zation of the impor tanc e of flavor and a willingness to 
consider it from the standpoint of chemical nature of the substances involved 
is a relatively new concept. The che mical approach is complicated and 
involves many difficult techniques. The intensi ve inve stigation of model 
systems has resulted in the development of useful analytical tools for 
studying complex mixtures. Gas chromatography approaches the chemists' 
dream of a magic test tube into which a sample is placed and out of which a 
complete analysis emerges. In 1952 James and Martin published a revolutio~ary 
paper describing gas liquid partition techniques with a relatively simple 
apparatus for resolving the aliphatic acids. Since then gas chromatography has 
been developed into a very useful analytical techniqu e for the flavor research. 
Its versatility has been established beyond doubt. 
Dimick and Corse (1956) were among the first to apply gas chroma-
tographic techniques to food flavor analysis. !so.amyl alcohol, !!-hexanol, 
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ethyl isovalerate, iso-amyl acetate were identified in a strawberry extract. 
Bernhard (1957 , 1958) separated five terpene hydrocarbons from lemon oil 
by employing a twenty foot Carbowax 600 column. Kirchner and Miller (1957) 
detected the presence of hydrogen sulfide in lemon oil. Furfural was among 
several other compounds found in the stored orange juice (Natarajan and 
Mackinney, 1949). In the year 1961 Swift reported that the bitter flavor of 
orange peel was due to the presence of linalool and O< -terpineol. Bernhard 
(1961) in a study of California Valencia oranges separated about 50 components 
by gas liquid chromatography. Kefford (1955) attributed the flavor of citrus 
fruits primarily to aldehydes and esters found in the peel oils. Teranishi 
6 
et al. (1963) studying a lower boiling fraction of orange volatiles separated 
limonene , nycrene , _Q{_ -pinene, camphene , and 12.-iso-propenyltoluene as major 
hydrocarbons. 
Jennings (1960) isolated the volatile constituents of pears by means 
of a closed pilot plant processing system. In the following year (1961) by means 
of relative retention time and infra-red spectroscopy Jennings identified acetic, 
propionic, buty ric, caproic, and caprylic acids. Among major ester alcohols, 
!!_-butyl alcohol and !!_-hexyl alcohol were found. Later by means of infra-red 
and ultraviolet spectroscopy the presence of 2, 4-decadi enoic acid, as a major 
constituent of pear essence, was confirmed (Jennings, 1963) . Hexyl acetate 
was later identified as a contributing fla vor compound of Bartlett pear (Jennings 
and Sevenants, 1964). Haagen-Smit et al. (1949) carrie d out an intensive 
investigation on the volatile constituents of Zinfandel grapes. Identity of com-
pounds was confirmed by preparing various derivatives for alcohols, aldehydes, 
l 
l 
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and esters. Some of the components tentatively identified were acetaldehyde, 
ethyl alcohol, acetic acid, g-butyric acid, !!_-caproic acid. Holley et al. (1955) 
using a different technique were able to sepa r ate and identify ethanol, methanol, 
ethyl acetate, methyl acetate, ac etone, acetaldehyde, methyl anthranilate. Adams 
et al. (1952) listed ce r tain aromatic compounds commonly found in raspberry 
essence and oils . Presence of ~-lrone , an ar omatic chemical , was strongly 
suggested to supplement natural raspberry fla vor. Teranishi et al. (1962) observed 
that strawbe rr y oil obtained from a jam making process contained a very complex 
fla vor spectrum of more than 150 components. Ethyl caproate, !!. hexyl butyrate, and 
ethyl butyrate were identified in the water - insoluble oil obtained from passion fruit 
(Hui and Scheur, 1961) . Antoniani et al. (1954) , Antoniani and Serini (1955) and 
Serini (1956) reported that no acetoin condensation products appear in apples at the 
beginning of r ipening process, but that the amount of condensation products appear-
ing increases with the advancement of the ripening process. Meigh (1956) described 
a procedure for collecting volatile compounds from the air above apples stored at 
4 ° c .. Yang and Ho (1958) observed that flavor and quality of bananas were directly 
related to an enzyme system related to carbohydrate metabolism. By employing 
gas chromatographic and infra-red spectroscopic techniques Jennings and Sevenants 
(1964) identified C-capro lactone, ben zaldehyde, benzyi alcohol, _1_-octa\actone, 
.1_-decalactone, as flavor components from the Red Globe peach. Lim and Romani 
(1964) reported that besides firmness, soluble solids , and carbon dioxide produc-
tion, the pr esence of detectable volatiles were markedly dependent upon the maturity 
of peaches. 2, 5-dimethyl 1, 4-hydroxy-3-(2H)-furanone was tentatively identified 
as a major component of pineapple flavor (Rodin et al. , 1965) . 
Information concerning tomato fruit flavor is very meager. Analysis 
for flavor and aroma compounds of tomato fruit has been hindered due to an 
inadequate methodology for extracting flavor components and also due to the 
presence of extremely small con ce ntrations of odorous compounds. 
8 
The typical odor of tomato is due to both volatile and non-volatile com-
pounds. Tomato odo·r isolated by vacuum dis tillation, followed by molecular 
distillation, cons isted of esters, volatil e acids , acetaldehyde, citral, and 
vanillin as some of the major flavor components (Spencer and Stanley, 1954). 
Bidmead and Welti (1960) examin ed volatile fractions of tomato juice by gas 
chromatographic techniques. Individual fractions were isolated and studied. 
However, no identifications were made . Matthews (1960) tentatively identified 
furfural, acetaldehyde , and acetone as some of the flavor components from the 
red-ripe tomatoes. Rakitins (1945) observed that a significant change occurs 
in the ethanol and acetaldehyde content during ripening process. 
Ver y r ec ently Pyne and Wick (1965) were able to prepare an odor con-
centrate from cooked fresh ripe tomatoes. Upon examination of various fractions 
of the distillate , they were able to identify acetaldehyde, ethanol, 2-propanol, 
2-butanone, benzaldehyde, methyl salicylate, g-butanol, ethyl acetate, and two 
unsaturated carbonyl compounds, presumed to be aldehydes. 
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MATERIALS AND ME TH ODS 
Studies Pertaining to Non-volatile Changes in Tomato Fruit 
Field grown 
Tomatoes (Var.: V. R. Moscow and Fireball) were grown on the North 
Logan farm during the summer months of the years 1963 and 1964. The tomatoes 
harvested at different stages of maturation and were sorted and classified into 
nine categories according to si ze, weight, and color (Table 1). Average weights, 
of different categories were calculated by dividing the total weight of all tomatoes 
by the number of tomatoes in each category. Alcohol slurries were prepared by 
grinding 250 g of fruit from each category in 250 ml of ethyl alcohol. The slurries 
were preserved at 5o C in sealed containers. 
Greenhouse grown 
Tomatoes of the same varieties as were field grown were grown in 
the glass greenhouse in the winter of the year 1964. The average day length 
wa$ 9 1/2 hours, but a major portion of the day was heavily overcast with 
dark clouds. The snow fall was heavy and quite frequent. No supplemental 
lighting was provided during the growing months (January to March, 1964). 
The night time temperature was kept at 18° C during the growing period. _ 
Tomatoes were harvested at different stages of maturation. Th~ tomatoes 
were sorted and classified into nine categories according to size, weight and 
-------------------
Table 1. Classification of tomatoes (Variety: V. R . Moscow and Fireball) according to size, color, and average 
weight of individual fruit 
Average weight of the fruit (g) 
Degree of Size (diameter in inches) Field grown Greenhouse grown 
maturation and/ or color V. R . Moscow Fireball V. R . Moscow Fireball 
1 1/2 or below, greenish 2.5 2.6 2.1 2.0 
2 3/4 to 1, greenish 8.3 10. 0 · 6.2 5.3 
3 1 to l 1/4 , greenish 10.3 11. 9 9.0 7.5 
4 1 1/4 to 1 3/4, greenish 35~7 32.1 . 33.1 34.6 
5 2 to 3, large green 50.0 46.0 40.1 44. 0 
6 Breakers 50.0 52.8 45.1 49.3 
7 Pink 62.6 60.0 50.0 52.1 
8 Red 83.3 79.7 71.4 64.8 
9 Red-ripe 100.0 94 . 4 83.3 80.7 
..... 
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color. Average weights for individual categories were calculated (Table 1). 
Alcohol slurries were prepared and preserved at 5° C in sealed containers. 
Analysis of the tomatoes. Alcohol slurries prepared from both the 
field and the greenhouse tomatoes were analyzed for the following: 
Total titratable acidity . Ten g of fresh · fruit fr .om: each category :. ' 
were homogenized with 100 ml distilled water and then titrated to pH 8. 1 with 
0. 1 N sodium hydroxide solution. Each sample was tested on a Beckman pH 
meter. 
11 
Organic acids. Organic acids were separated by ion-exchange column 
chromatography and were identified by the method outlined by Marvel and Rands 
(1950) . 
Total ascorbic acid (vitamin C) . Total ascorbic acid was determined 
according to the procedure outlined in AOAC (1960) . 
Color components. Fresh samples of tomatoes were obtained for the 
determination of total chlorophylls and carotenoids. 
Total chlorophylls, chlorophyll~ and g were determined according to 
the procedures outlined by the AOAC (1960) . Total carotenoids and Beta-
carotene were determined according to procedures outlined by the Association 
of Vitamin Chemists (1951). 
Free reducing sugars. Free reducing sugars were determined by the 
Shaffer - Somogyi micro method (AOAC, 1960) . 
Total pectic materials and soluble pectins. Total pectic materials and 
soluble pe ctins were respectively determined according to procedures outlined 
by Mccready and McComb (1952) and Ruck (1956). 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
12 
Volatile reducing substances (VRS). Fresh samples of tomatoes were 
obtained for VRS determination. Fruit (250 g) was blended with a minimum 
quantity of distilled water and analyzed for VRS content according to the pro-
cedure outlined by Luh (1961) . 
Volatile Components of Tomato Fruit 
A representative batch of fresh tomato es of each type (stage of maturation 
as shown in Table 1) (V. R . Moscow and Fireball) from both the field grown and 
the greenhouse gr own were selected for the study of volatile components . 
Fresh tomatoes were cut into quarters and packed (both with and without 
vacuum), and sealed in tin cans. Another batch of fresh tomatoes were cut int.o 
smaller pieces and were packed in the plastic containers with lids. Both lots 
were immediately frozen and stored in the freezer (temperature: -10° to -15° 
C). Samples were periodically removed for the gas liquid (GL) and thin layer 
( TL) chromatographic analyses. 
In the past efforts made to obtain a tomato flavor extract were primarily 
confined to methods in which fresh tomatoes were precooked (viz.: distillation, 
vapor over the tomato fruit, etc.). In this investigation we dealt strictly with 
freshly harvested tomatoes. Method of extracting tomato flavor was carried out 
at room temperature with the low boiling organic solvents. In this investigation 
the cooking of the fresh tomatoes was avoided. 
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Extraction of tomato odor and flavor 
The following procedure was employed for extracting flavor and odor 
components from fresh tomato fruit. The volatile odor constituents were con-
centrated by extracting the fruit with low-boiling organic solvents. 
A two hundred g sample of fresh fruit was mixed with 100 ml benzene 
and 67 g of ammonium sulfate (both reagent grade) . The purity of every batch 
13 
of benzene was checked by gas-chromatograph y . The mixture was homogenized· 
for 5 minutes in a stainless steel Waring ble.ndor. The slurry was quantitatively 
transferred into a 500 ml separatory fu.nnel. The slurry was then vigorously 
shaken several times to ensure complete extra ction of flavor and odor components. 
The mixture was then centrifuged at 3450 r.p.m. for 6 minutes. The supernatant 
liquid (benzene layer) was carefully transferred into a 500 ml Erlenmeyer flask 
containing a mixture of 20 g of magnesium . sulfate (reagent grade) and 5-10 
. g of acti vated charcoal (the intense bright red or dark green color of the 
benzene extract had to be decolorized because the pigment particles had a tend-
ency to precipitate upon concentration of the extract). It was observed that these 
pigments caused considerable difficulty during the gas chromatographic analysis. 
Residue from the centrifugation was re-extracted each time with 35 ml of 
benzene and then recentrifuged. The extraction was repeated at least 3 to 4 times 
until the residue was nearly colorless and odorless. The Erlenmeyer flask con-
taining 300-350 ml of flavor extract was shaken periodically (6-8 times in one-
half hour). Occasionally it was found necessary to add additional amounts of 
decolorizing charcoal (1-3 g) and magnesium su~fate (5-10 g) . The pale yellow 
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or nearly colorless flavor extract was filtered through Buchner funnel using 
Whatman filter paper No. 1. The clear flavor extract was concentrated to 
200-250 )11 by the following procedure. 
The flask containing the filtered benzene extract was immediately put 
into a deep freezer, (-10° to -15° C). After about 45 minutes approximately 
15 ml of previously chilled ethyl chloride or diethyl ether was added to the 
partially frozen benzene extract. The benzene+ ethyl chloride extract was 
allowed to freeze for about one - half hour. After this time the unfrozen layer 
of ethyl chloride flavor extract was carefully transferred into a small evapo-
rating dish and evaporated at room temperature (22° C) without supplemental 
air circulation to the desired volume of 200-250 pl. 
Preparation of different accessories employed in GLC 
14 
Preparation of packing material for gas-liquid chromatographic columns. 
The following procedure was employed to prepare a variety of packing materials 
(Table 2). 
Procedure. Twenty-five g of the liquid phase was suspended in 100 , 
ml of appropriate solvent ( Table 2). The solution was then placed in a shallow 
evaporating dish. Sixty g of chromosorb, acid-washed 60/80 , ':!VI, white, 
(solid support) was gradually added to the solution. The solvent was completely 
removed by stirring (20 - 30 r. p. m. ) the mixture with a motor driven stirrer . 
(Freely flowing particles indicate the removal of solvent). The evaporating dish 
was then carefully transferred into a vacuum desiccator and left overnight to 
remove the last traces of the solvent used. 
-------------------
Table 2. Quantities , solid support ~ liquid phase, and solvents used to prepar e different packing materials for gas-
liquid chromatographic columns 
Solid 
support/or 
Solvent liquid phase Liquid phase Conditioning temQerature 0 c 
Solid support Liquid phase Solvent (ml) (g) (%) Optimum Minimum 
Chromosorb 
acid-
washed 
60/80 M 
white 60 
Carbowax 20 M Methanol 100 25 29 160 125 
Didecyl pJilhalate Acetone 100 25 29 160 120 
Ucon polar 50 Acetone 100 25 29 150 110 
Dimethyl Polysilo-
xane (SE-30) Carbon 
tetrachloride 100 18. 75 22 250 150 
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Technique for packing GLC columns. Stainless steel columns of 10 
feet by 1/4 inch o. d. were used. One end of the column was sealed with glass 
wool. A small glass funnel fitted with . a 3 inch rubber tube was fixed at the top 
end of the column. A steady flow of packing material was passed through the 
funnel, while the column was slowly vibrated by an electric vibrator. Later on 
the column was subjected to high speed vibrations to ensure complete packing. 
The upper end of the column was then sealed with glass wool, when it was fully 
packed. All the columns, thus packed, were conditioned by employing the 
following conditions. 
Conditioning of packed columns. 
Column temperature: Varied with the liquid phase of (optimum, 
minimum) packing material (Table 2) . 
Nitrogen pressure: 5 p. s. i. 
Time of conditioning: 24 hours. 
Preparation and packing of 1000 feet capillary columns 
For the analysis of complex mixtures and better separations capillary 
columns were prepared and packed with different packing materials, viz.: 
Silicone SE 30 and carbowax 20 M. 
One thousand feet of capillary column (o. d. 1/6 inch, i.d. 1/50 inch), 
fabricated of stainless steel, was obtained from Superior Tube, Norristown, 
Pennsylvania, in the form of a roll. 
Coiling. To coil the tubing in the form shown in Figure 1, metal spacers 
were placed about 1. 5 inches apart around the periphery of a hollow iron cylinder 
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Figure 1. Stainless steel capillary (0. 02" i. d. 500 ft.) column wound ar ound 
the periphery of a hollow iron cylinder 
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(mandrel). The spacers were made by cutting a perforated steel sheet (1/16 
inch holes at 7 /64 inch staggered centers) along the centers of adjacent rows of 
holes. While slowly rotating the mandrel or hollow cylinder in a lathe chuck, the 
tube was guided into U notches of the spacers . After completing the coiling 
operation, the tubing was held in place with wire ties at the ends of the spacers 
(McEwen, 1963) . By using this technique three columns each having a length 
of 250, 500, and 250 feet, respectively, was wound separately on the same 
cylindrical support. 
Packing. Silicone SE-30 (3. 7 g) was dissolved in 25 ml chloroform. The 
resulting solution was diluted with chloroform (10:1). The first column having a 
length of 250 feet was coated inside with the prepared solution. The second column 
of 500 feet was coated inside with a Carbowax 20 M solution prepared by following 
the above mentioned procedure . The third column of 250 feet was coated inside 
with SE-30 (Table 3) . In order to obtain a uniform coating a total quantity of 50 
ml (for 500 feet column) and 30 ml (for each one of the 250 feet columns) had to 
be injected under a 50 p. s. i. nitrogen pressure. Coating material (SE-30) required 
8. 25 minutes to travel a distance of 250 feet. The recovery of the coating material 
from both columns was approximately 94 per cent. A 10 ml portion of the diluted 
solution of Carbowax 20M required 3 hours to travel a distance of 500 feet. The 
recovery of coating material was only 25 per cent. 
Boric acid column 
Boric acid column was prepared for removal of the alcohols from the 
original flavor extract (Ikeda et al., 1964). One and one-half grams of boric acid 
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mixed with 20 ml of methanol was added to the previously prepared Carbowax 20 
M packing material (Chromosorb W HMDS 57 g + Carbowax 20 M 18 g + Ionox). 
Amount of boric acid was adjusted to bring the final level of packing material at 
2 per cent level. The mixture was stirred continuously until solvent was evapo-
rated. Evaporating dish was then carefully transferred into a vacuum desiccator. 
After 24 hours the packing material was packed in an aluminum column (18" x 1/4" 
o. d. ). Two columns were packed as described on page 16. 
Table 3. Quantities, liquid phases, and solvents used for coating 1000 feet 
(stainless steel) capillary columns 
Quantity Length 
Solvent packing material of column 
Packing material Solvent (ml) (g) (feet) 
Carbowax 20 M Chloroform 25 3.7 500 
Silicone SE-30 Chloroform 25 3.7 250 
Silicone SE-30 Chloroform 25 3.7 250 
Apparatus 
A MicroTek, GC-2500 R gas chromatograph was employed to obtain 
chromatographic records of complete flavor-aroma concentrates of the tomato 
fruit. Table 4 shows the different conditions employed during the GLC analysis. 
-------------------
Table 4. Conditions employed during the gas-liquid chromatographic analysis of tomato flavor 
Column 
Packing material 
Carrier gas: Flow 
Pressure 
Air: Flow 
Pressure 
Hydrogen gas: Flow 
Pressure 
Temperature programming 
Rate of temp. programming 
Amount of sample injected 
Input attenuation 
Ou1put attenuation 
Detector 
Flame ionization 
Stainless steel 
1/ 4" (o. d.) x 10' or 500 ' capillary 
column (1/50" i. d. 1/ 1611 o. d. ) 
Carbowax 20 M (film ) 
Helium Col. 1 = 60-65 cc / min 
Col. 2 = 60-65 cc/min 
25 p. s. i. 
1.2 CFH 
20 p. s. I. 
Col. 1 = 80 cc/minute 
Col. 2 = 80 cc/minute 
55° C = Initial hold 
190 ° C = Final hold 
5° C/minute 
2-5 pl, each time 
IX, 102 
4X, 8X 
Thermal conductivity 
Stainless steel 
1/4" (o. d.) x 10 ' 
29 per cent Carbowax 20 M 
Helium Col. = 1 = 60-65 cc/minute 
Col. 60-65 cc/minute 
25 p. s. i. 
55° C = Initial hold 
190° C = Final hold 
5° C/minute 
20-30 µl, each time 
8X 
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Separation of Tomato Flavor Components According 
to the Type of Compound (functional group) 
Individual groups of compounds like aldehydes, alcohols, and esters 
were separated from the original flavor extract by the following procedure. 
Procedure 
Ten ml of the original flavor , extract ·. was treated with 3 per cent 
saturated solution of boric acid (3-6 ml). The mixture was well shaken and 
allowed to stand for a while. All the alcohols present in the original flavor 
extract were retained in the aqueous phase, while the aldehydes and esters of 
the original flavor extract were found in the benzene phase. 
Separation of aldehydes. Aldehydes were separated from the benzene 
21 
phase by preparing 2, 4-dintrophenylhydrazone derivatives according t.o the pro-
cedures outlined by McElvain (1946) . 
Separation of alcohols. The aqueous phase containing all the alcohols 
(originally present in the tomato flavor extract) was thoroughly mixed with 
minimum quantity of chloroform (5-6 ml) . The mixture, after vigorous shaking, 
was allowed to separate into two phases (aqueous and non-aqueous). Non-aqueous 
phase (chiefly chloroform phase) was allowed to evaporate till no smell of chloro-
form persisted. The evaporated chloroform phase containing alcohols was used to 
prepare the 3, 5-dinitrobenzoate derivatives by following the procedure outlined by 
McElvain (1946). 
Separation of esters as corresponding alcohols and acids. Benzene 
phase containing only esters (originally present in the flavor extract) was refluxed 
with 15 to 20 per cent aqueous sodium hydroxide solution (5-8 ml) for 55 minutes. 
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Resulting mixture was carefully brought to pH 8. 0 by 1 N hydrochloric acid (few 
drops). About 5 g of ammonium sulfate and 3 ml of chloroform were then added. 
The mixture was well shaken until two distinct layers separated out. The non-
aqueous layer (chloroform-benzene layer) contained the alcohol portion of the 
hydrolyzed esters, while the salts of acid portion of the esters were found in the 
aqueous phase. The non - aqueous phase, dried with magnesium sulfate was used 
to prepare corresponding 3, 5-dinitrobenzoate deri vatives of alcohols (obtained as 
al cohol portions of esters or iginally present in the flavor extract). Aqueous phase 
containing salts of acid (corresponding acid portion of esters originally found in 
the flavor extract) was treated with dil. hydrochloric acid (few drops) to regenerate 
free acids. .2,-nitrobenzyl ester derivatives for free acids were prepared by the 
procedure outlined by McElvain (1946) . 
Separation of aldehydes, alcohols, and esters: A schematic presentation. 
J, 
10 ml original flavor extract+ saturated boric acid . so~ution I shake, 15 minutes -
benzene phase aqueous phase used for pre-
r------1 \V 'llr paring 3, 5-dinitrobenzoate 
reflux with 15- 20 % NaOH used for preparing derivatives for alcohols 
l 55 minutes 2, 4-dinitrophenylhydra-zone -derivative for alde-
adjust to pH 8 hydes 
add (NH4)2 S04 + 3 ml chloroform 
Shake 
benzene phase 
l+ ,dried with Mgso 4 
filtered 
filtrt .... te _______ r_e-,~due 
(alcohol portion 
of esters, used 
(discarded) 
for preparing 3, 5-djnitro-
benzoate derivatives 
aqueous layer (salt of acid 
portion of esters J few drops of dilute :HCl 
filtered ir----------i 
filtrate residue mostly NaCl 
used for preparing 
.2,-nitrobenzyl ester 
derivatives for acids 
(discarded) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
23 
Preparation of derivatives of known aldehydes, alcohols, and esters. In 
order to compare and confirm the identity of unknown compounds various derivatives 
of known aldehydes, al cohols, and esters were prepared and tried. All these chemi-
cals used were reagent grade. g-hexanal, and hexanoates not available in the 
market, were synthetized in the laboratory and their purities were checked by taking 
boiling points and melting points of the corresponding 2, 4-dinitrophenylhyrazone, 
3, 5- dinitrobenzoates, and £_-nitrophenacyl ester derivatives respectively. Follow-
ing procedure was used to prepare g-hexanal. 
In a 2-1 three - necked, round bottom flask, fitted with a bulb condenser, 
a magnetic stirrer, and a 100 ml dropping funnel was placed 100 g (1. 7 moles) of 
g-hexanol, (b. p. 157° C). Water at 15° C was kept circulating through this condenser. 
A second condenser set for downward distillation was connected to the top of the 
first condenser. Cold water was circulated through the second condenser. By means 
of an adaptor, the lower end of the second condenser was fitted to a receiver which 
was cooled with ice-water. 
The alcohol in the flask was he ated to boiling, then a mixture of 164 g 
(0. 56 mole) of potassium dichromate, 120 ml of concentrated sulfuric acid (3. 2 
moles) , and Ul of water was added through the dropping funnel. The addition 
took about 45 minutes, and during this time the reaction mixture was kept boiling 
vigorously. . The reaction mixture was then boiled for fifteen minutes to distill off 
the aldehyde (!!-hexanal) formed, The hexanal collected in the receiver was dried 
with 5 g of anhydrous magnesium sulfate and fractionally redistilled to obtain pure 
aldehyde b. p. 158° C (Blatt, 1947). The purity of the aldehyde, was checked by 
GLC and by the prepar:ation of a 2, 4-dinitrophenylhydrazone derivative and by a 
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comparison of its melting point with that of the literature. The following pro-
cedure was used to prepare various hexanoates: 
Five ml of appropriate alcohol was mixed with 12. 5 ml hexanoic acid. 
Concentrated sulphuric acid (1-5 per cent of the volume of alcohol used) was used as 
a catalyst~ In the preparation of methyl hexanoate dry methanol containing 5 per 
cent HCl was used as a starting material. The acid-alcohol mixture was gently 
refluxed for at least one hour. The product was isolated by distilling most of the 
alcohol, pouring the residue into water, and neutralizing the acid by adding 15 
per cent sodium carbonate solution. After extracting of the ester from the aqueous 
layer it was dried and fractionated (Hickenbottom, 1948) . 
Methyl, ethyl, !!_-butyl, and iso-pentyl hexanoates were prepared from the 
corresponding alcohols by following the above procedure. The purity of the esters 
was checked by GLC, and by preparing 3, 5-dinitrobenzoates (alcohol portion), and 
.12.-nitrophenacyl ester (acid portion) derivatives of the saponified esters. 
Separation and characterization of ~-pinene offered some difficulties. How-
ever, it was separated from the original flavor - aroma extract by the following procedure. 
Ten ml of the benzene extract (from 1000 g fruit) was treated with saturated 
boric acid solution. The alcohols were separated in the aqueous phase (procedure 
p. 21), while aldehydes and ~-pinene were retained in the non-aqueous phase. 
The non - aqueous phase was then brominated according to the procedure outlined 
in Cheronis and Entrikin (1947). Bromo derivative of ..9._-pinene was separated 
from brominated aldehydes by shaking with 15 ml of distilled water. Aqueous 
phase contained brominated aldehydes (in form of corresponding acids), while 
the bromo derivatives of 0( -pinene was found in the non-aqueous phase. 
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Brominated ~ -pinene was recrystallized and its purity was checked by GLC and 
by melting point determination. 
Separation and Identification of Derivatives of Maj or 
Components by Thin Layer Chromatography (TLC) 
Thin layer chromatography is an adsorptive micro-chromatographic 
technique for determining the purity, or identity of components. Thin layer 
chromatography combines the speed of vapor phase chromatography with the 
reliability of paper chromatography. Other important advantages are its wide 
quantitative range with small samples, its high sensitivity, and sharper 
separation. 
Description of the apparatus 
An apparatus manufactured by Kensington Scientific Company of 
California was employed throughout the study. It has the following important 
parts. 
Applicator for one and two dimensional separation. The applicator 
for glass plates 3 inches by 8 inches, or 8 inches by 8 inches consists of a rigid 
base plate with adsorbent chamber. The adsorbent chamber is so designed as to 
permit layers of adsorbent of any thickness to be applied to the glass plates. The 
thickness of the glass used can vary without affecting the thickness of the adsorb-
ent layer being applied. A guide bar along one side serves to guide the glass 
as it is being passed through the layering chamber. The adsorbent chamber 
' holds approximately 250 ml of slurry, enough material to cover a dozen or more 
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plates depending upon thickness of the adsorbent applied. The applicator is 
fabricated of aluminum and measures 10 inches wide by 15 1/2 inches long. 
The adsorbent chamber with floating gates measures (inside) 4 inches by 1 1/2 
inches by 1 3/4 inches deep. 
Developing jar and glass rack. The Kensco developing jar and rack for 
dimensional separations measures 9 1/4 inches by 7 inches by 13 inches high, and 
is designed to accommodate plates of even 8 inches square. The jar ha.s a finely 
ground level top edge. The plate cover has four holes: two holes, with 
polyethylene plugs, are for introduction of inert gas into chamber if desired, and 
for adding solvent to the bottom of the chamber if necessary; the remaining two 
holes have permanently built-in glass hooks. By means of these hooks the glass 
rack with coated plates can be introduced into the chamber immediately after 
the solvent has been added. The rack and plates , are not lowered into solvent 
until vapor saturation has been achieved within the jar. The hooks are held in 
a raised position by two Teflon collars which permit the hooks to slide easily 
when pressure is applied. The glass hooks measure 6 mm diameter and the 
holes 6. 34 mm. 
Template for application of .samples. A plastic template is used for 
application of samples of the glass plate. , Teniplate greatly speeds and simplifies 
the sample application, and also protects the delicate adsorbent layer. 
Conditions employed in TLC 
Glass chamber: 9 1/4 inches by 7 inches by 13 inches high 
Glass plate size: 3 inches by 8 inches or 8 inches by 8 inches. 
Adsorbent: Aluminum oxide G. (Aluminia-G) or Silica Gel-G. 
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(5 per cent gypsom (G) is usually added to the alumina and silica-gel. Gypsom 
acts as a binding agent). 
Solvent systems: Benzene + ether or benzene + hexane 
(i:1 or 1:1. 3) (1:1) 
Spraying agent: Dragendroff reagent (in case of colorless derivatives 
containing nitrogen) . 
Activation of adsorbent layer a) time: 1-2 hours 
b) temperature: 110° C - 115~ C 
Preparation of adsorbent layer on glass plate 
Fifteen to twenty grams of adsorbent (silica-gel G or Alumina G) was 
weighed and mixed into a slurry form in a mortar by adding a pre-det.ermined 
quantity (40 ml) of distilled water. The relat~onship between adsorbent and water 
varies somewhat with different materials available. The front guide bar resting 
on the glass plates was previously adj1,1sted to an ope:Q.tng of O. 33 nun height 
(0. 013 inches). The glass pla~s were manually pushed with uniform speed, while 
the adsorbent chamber automatical~y deposited a uniform coating of (0. 33 mm 
thick) adsorbent material. Two plates of 3 inches by & inches or 1 plate of 8 . 
inches by 8 inches could be coate~ in one run with the above mentioned quantities 
of adsorbent and distilled water. 
Once coated, the plates were air dried for ten minutes to permit the 
binder to set (Note: Cracks will develop on the coating if the plates are not 
allowed to dry in air) . The coated plates were then placed in the special drying 
rack. 
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Activation 
Air dried plates were then carefully transferred into a drying oven 
maintained at 110° C - 115° C. It was observed that optimum time required for 
activation for alumina-G or silica gel-G was between 1 and 2 hours. After the 
designated activation period the plates were carefully removed from the hot 
compartment and were allowed to cool for 15 minutes. They were then stored 
in a desiccator until used. 
Sample spotting 
Most samples were applied to the coated plates with a micro pipet. For 
quantitative analysis samples were applied as spots. For melting point purposes 
they were applied in the form of streaks. Spotting and marking of the solvent 
front (starting line) was facilitated by the use of plastic template. All the kno'Yll 
and unknown derivatives of samples of aldehydes, alcohols, and esters were 
spotted this way. The sample size varied from 1 to 5 lambdas in case of known 
mixtures and compounds. Samples in the form of a 2 per cent solution in 
chloroform were applied. A sample of 0. 2-0. 3 ml was applied for the metling 
point determination of the separated bands. Entire sample of unlqiown had to be 
put on the glass plate for a complete and adequate separation (sample size varied 
from 10-20 lambdas). A distance of 1 1/2 cm between two adjacent spots was 
usually maintained. 
Saturation of chamber and chromeplates. The glass chamber was 
allowed to saturate (2 hours) with a mixture of solvents. Chamber was sealed 
with a silicone lubricant (Dow Corning stopcock grease). A spotted glass plate 
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with samples spotted on it was then introduced into the fully saturated chamber . 
Plate was also allowed to saturate for at least 1 hour. This was done by keeping 
it above solvent level. 
Ascending chromatography. Coated plates were developed by the ascend-
ing method. The glass plate . was · inclined at an angle of 15 ° -20° to the vertical 
plane. The time for development varied from 40-50 minutes depending upon the 
solvent system used. 
The developed plate was removed from the glass chamber when the 
separations were completed (Note: The solvent front was allowed to reach a 
height of 14 cm or more from the starting line. This will take at least 40-60 
minutes) . The solvent front was marked with a pencil and the plate was allowed 
to dry at room temperature. The 2, 4-dinitrophenylhydrazones of aldehydes 
appeared as yellow spots on a white background. The 3, 5-dinitrobenzoates of 
alcohols and p_-nitrobenzyl ester derivatives of acids are colorless. These 
derivatives were made visible by spraying the developed plate with Dragendroff 
reagent (Bobbitt, 1963). Dark red spots on orange background were produced 
(Note: Red spots are very hard to recognize in the initial stage. They become 
prominent after allowing the sprayed plate to stand at room temperature for 4-8 
hours). 
Thin layer chromatographic separation of flavor extract was carried 
out by following the above techniques. 
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Standard thin-layer chromatograms 
on precoated sheets 
In order to obtain standard chromatograms for permanent reference 
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of separation , which had been previously carried out on the coated glass plates, 
Eastman chromatograms sheets were used. 
These precoated flexible sheets, consisting of an adsorbent material, 
are coated on a thin inert base. The adsorbent layer contains a small amount 
of a polyvinyl alcohol binder which results in a coating that is highly porous and 
allows the solvent to penetrate quickly. The support is a solvent-resistant 
polyester, and is of the proper thickness to be self-supporting. At the same 
time the coated support is flexible and can be cut to any size for use. A binder 
is necessary to adhere the adsorbent layer to the support and to provide flexibility 
and abrasion resistance for normal handling. Sheets of the precoated material 
can be activated, if necessary, cut to the desired size, and used just as one 
would use a normal thin-layer plate. After the separation is made, it is con-
venient to store the chromatogram in a notebook. They can also be photographed 
(Przyblyowicz et al., 1965). 
Using the above mentioned sheets, the chromatograms for the derivatives 
of aldehydes, alcohols, and esters found in the tomato flavor extract were 
obtained. The conditions used were similar to those used for coated glass plate 
thin-layer chromatography. The thickness of the adsorbent layer was about 110 
microns , and was machine coated. The time of actual development varied from 
25-33 minutes. It was also found unnecessary to activate the sheets, since the 
separations obtained from both activated and unactivated sheets were rather identical. 
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unknown and known compounds 
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Melting point data were used as a chief criterion for testing purity of the 
compounds separated by the thin layer chromatographic techniques. As men-
tioned previously 4 cm long streaks, instead of spots, were applied for melting 
point determination. Melting point determination and crystallization of known 
and unknown compounds were carried out by the following procedure. The separated 
bands are scrapped off the plate with stainless steel spatula. The scraped bands 
are then carefully mixed with 5 ml of chloroform. The mixture is then filtered 
through Whatman filter paper No. 1. Residue (mostly coating material) is 
thoroughly washed until it is colorless. The filtrate ; and washings are allowed 
to evaporate. The resulting compound is recrystallized from chloroform until a 
sharp melting point is observed. Crystals (1 or 2) of the compound are put into 
a glass capillary tube sealed at the bottom. This capillary is then attached to a 
thermometer and carefully inserted into a Thiele's tube containing silicone oil. 
p_-nitrobenzyl ester derivatives of free acids have sharp Rf values but 
the recrystallized compounds do not have sharp melting points. In that event 
. p_-bromphenacyl ester derivatives of acids were prepared . by the procedure 
outlined by Cheronis and Entrikin (1947) . Melting points of the known and unknown 
derivatives of acids were compared and confirmed with the corresponding literature 
values .(Cheronis and Entrikin, 1947; and McElvain, 1946). 
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Artificial Ripening 
Tomatoes of variety V. R. Moscow were selected for this study. Up to 
large green (5=2" -3" or larger) stage tomatoes were allowed to ripen in the field. 
Once this stage was reached a representative lot of tomatoes were harvested and 
brought immediately in the laboratory. They were then placed in wooden trays 
keeping at least one i.nch space between the fruits. The trays were then kept in 
a room having a fairly constant temperature of 20° C. Artificial ripening of 
tomatoes was carried out at this temperature until majority of the fruit turned 
red-ripe. The red-ripe stage was tentatively judged by color and the degree of 
softness. 
Tomato flavor-aroma compounds were extracted from the artificially , 
ripened tomatoes by the previously mentioned procedure (page 13). A complete 
chromatogram record was obtained by using gas-liquid chromatographic tech-
niques. 
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RESULTS AND DISCUSSION 
Physiological Changes 
Two varieties of tomatoes-V. R. Moscow and Fireball-were investi-
gated. The fruits were grown in the field and greenhouse. Fruits were harvested 
at nine different stages of maturation. They were sorted and classified according 
to their size , weight , and color, on the day of the harvest. The classification was 
0 
carried out in the cold room having a temperature of 5 C. General classification 
of tomatoes is shown in Table 1. The average weight of the individual tomatoes 
was calculated by dividing the total weight of all fruit by the number of tomatoes 
in each classification. With the increase in size of the fruit the number of the 
fruits in each category decreased. Figures 2 and 2a show classification of tomatoes 
according to their size and color. Figure 2 shows the top portion of tomatoes (V. 
R. Moscow). Uneven color distribution (chlorophylls, carotenoids) was found 
on these portions of fruits. Figure 2a shows the calyx (base) portion of the 
fruit. A greater concentration of coloring components (chlorophylls, carotenoids) 
was found in this area. It was observed that classification of tomatoes on the 
'basis of color and size offered some difficulties. Classification of tomatoes was 
carried out according to their sizes in the earlier stages of maturation (from 1/2" 
or below to 2"-3" or large green) . However, due to uneven ripening many fruits 
having sizes smaller than 2"-3" (large green) were either pink, red, or red-
ripened. In order to minimize this difficulty flowering data were studied. In this 
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Figure 2. Tomato es (Variety: V. R . Moscow ; top side) classified into nine 
catego r ies (1 = 1/2" or below , 2 = 3/ 4"-1", 3 = 1"- 1 1/4", 
4 = 11/4" - 1 3/4" , 5 = 2" or 3" or large green , 6 = breakers, 
7 = pink, 8 = red, 9 = red-ripe) according to color and size 
Figure 2a. Tomatoes (Variety: V . R. Moscow, calyx side) classified into 
nine categories (1 = 1/2" or below , 2 = 3/4"-1", 3 = 111-11/4", 
4 = 11/4"-1 3/4", 5 = 2"-3" or large green, 6 = breakers, 
7 = pink, 8 = red, 9 = red-ripe) , according to color and size 
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study 50 plants of V. R . Moscow were selected. Five flowers from each plant 
were manually pollinated and tagged . Ripening process was followed from the 
day the fruit (fruit= 1/2 inch or below) was visualized. It was observed that out 
of 100 successfully pollinated flowers , 78 per cent, having a size of 2 to 3 inches 
or larger, reached the red-ripe stage in 34 to 36 days. Fourteen per cent obtaining 
a size smaller than 2 to 3 inches (large green)were fully ripened (red-ripe) within 
24 days from the day the fruit appeared. The remaining 8 per cent , being smaller 
than 2 to 3 inches , were found to be in the green and partially red stages. The 
possible explanation for this uneven ripening process along with the growth of 
fruit may be due to many uncertainties. . One of the most important among them 
is the fact that it is very difficult to trace out an unpollinated flower. Secondly, 
even if the flower is unpollinated it is difficult to conclude how efficient the manual 
pollination could have been . Besides these other factors, such as ,,varietal differ-
ences, seasonal changes , environmental conditions, location of plants, can account 
for different ripening processes among the various plants. 
Biochemical Changes 
The following biochemical changes were studied in the developing tomato 
fruit . 
Total titratable acidity 
Figure 3 shows the per cent total titratable acidity of tomatoes grown 
in the field and greenhouse. Total titratable acidity (per cent) increased as the 
fruit passed from green-mature stage to pink, but declined slightly as the fruit 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
o.s Field-grown 
-:;:-0 . 4 
c 
QJ 
~ QJ 
..s-
~ 
:§ 
0 0 .3 
0 
QJ 
::0 
2 
.~ 
o 0.2 
0 
I-
0.1 
0 
-0 .3 
c 
1 • V2" or below 
2•3 / 4"-1 " 
3 • l" - 1 1/ 4" 
·---•,e V. R. MOSCOW 
0111111111111111110 FI REBA LL 
Greenhouse-grown 
MATURITY STAGES 
4 = 1 V4" - 1 3/ 4" 
5 = 2" - 3" or lorge green 
6 • breakers 
7 = pink 
8 = red 
9 = red-ripe 
36 
QJ 
0 
~ 
..s-
- .......... 4 • ._ __ _ 
-------·- ,,,,,,,,0 .............. ,0, ~ 
:§ 0.2 
._. 0 1111111 11111111111 • 110 
........ • ......... 1 .. ,, 0 0 ....... 
0 
0 
QJ 
::0 
2 
-~ 
.: 0 . 1 
0 
0 
I-
0 
• 011111111111••" 
. ,,,,,,,•'" 
,,,,,,, 
o, .... ,1.1 ....... 0 
2 3 4 5 
Matur ity Stages 
6 7 8 
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became red. Per cent acidity of greenhouse tomatoes (both varieti¢s) was quite 
similar to that found in the field tomatoes. Total titratable acidity was calculated 
as citric acid, because it was found to be the major acid (one-third percentage 
wise), although many other constituents contribute to total titratable acidity. 
Total titratable acidity of tomatoes represents the total amount of free acids 
present and provides no information about the amount present in other forms. 
Free acids in greenhouse tomatoes were found to increase, while pH (active 
acidity or hydrogen ion concentration) decreased with fruit maturation. The 
amount of free acids (total titratable acidity) increased with the size of the · fruit. 
This concurs with the findings of Sinclair and Eny (1945) in the citrus fruits. 
Organic acids 
Tomatoes can be classified as an acid fruit because their soluble solids 
are composed chiefly of organic acids and sugars. The acidity of tomatoes and 
tomato juice is due primarily to citric acid and malic acid (Hartmann and Hillig, 
1934). Recalde and Blesa (1962) considered the metabolism of organic acids to 
be the function of enzymes. Organic acids are usually present in the form of 
t • 
their salts, such as, citrates, malates , tartrates, and lactates, but s.ome .,may be 
present in the form of esters. Typical chromatograms showing malic and citric 
acid after separation from red-ripe tomatoes grown in the field and greenhouse 
are shown in Figure 4. The areas under the peaks representing the relative 
amounts of malic and citric acids, increased progressively with increasing 
maturity. Two-thirds of the total titratable acidity of the field grown tomato 
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Figure 4. Schematic representation of chromatographic separati on of organic acids 
from red-ripe tomatoes (Variety: V. R. Moscow and Fireball) grown in 
the field and in the greenhousea 
aThe time of elution of malic and citric acid depended on many variables which 
were difficult to reproduce exactly, therefore, the acids appeared at slightly different 
times as illustrated in the above chromatograms. 
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fruit was due to the malic and citric acids . Per cent total titratable acidity 
of greenhouse tomatoes was more or less similar to that of field grown 
tomatoes. At the same time the concentration of organic acids ( combined acids) 
was significantly lower. Insufficient photosynthesis, and subsequent lower per-
centage of sugar development could be considered as the primary reason for 
higher total titratable acidity (acti ve acids) . Many other acids belonging to Kreb's 
· cycle , were eluted along with malic and citric acid. No effort was made, how-
ever, to identify any of these organic acids , primarily because they were present 
in extremely small concentrations. Concentrations (mg/100 g) of malic and 
citric acids in both field grown and greenhouse fruit were greater in the red-
ripe tomatoes than in the other stages of maturity tested (Figure 5) . 
Total ascorbic acid (vitamin C) 
Vitamin C content of fruits and vegetables varies considerably with 
variety, maturity , fertilizer, soils , and conditions of ripening (Brown and 
Moser, 1941) . Figure 6 shows the ascorbic acid content (mg/100 g) of both, 
field and greenhouse grown tomatoes. In this experiment total ascorbic acid 
(ascorbic and dehydroascorbic acids) was determined. No effort was made to 
distinguish between the two isomers of ascorbic acid. In the field grown 
tomatoes ascorbic acid increased progressively up to the pink stage and 
declined slightly as the fruit attained the red-ripe stage. Utilization of ascorbic 
acid in the ripening process could be considered as a possible cause for this 
decrease of ascorbic acid content in the later stages of maturation. No decline 
in vitamin C (mg/100 g) content was observed in the greenhouse grown tomatoes. 
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house gro wn tomatoes (Variety: V. R. Moscow and Fireball) at various 
stages of maturation 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
30 
8' 
0 
'--0, 
.s 20 
-0 
u 
0 
u 
:.0 
0 
u 10 
.:;, 
0 
8 30 
0 
~ 
.s 
-0 
u 
0 20 
u 
:.0 
0 
u 
.:;, 
10 
MATURITY STAGES 
l = 1/2" or belo w 
2 = 3/ 4" - l" 
3=1"-11/4" 
4 • 1 1/4" - 1 3/ 4" 
5 = 2" - 3" or large green 
6 = breakers 
7 = pi nk 
8 = red 
9 • red-ripe 
Field-grown 
·---•• V.R. MOSCO W 
Q,11111111111111110 FIREBALL 
~·------·------· 
~· 
/
·- ,,,,,,,,,0 ............... 0 
0'''''' 
,,,,,'-' \,,,,,,,,, 
• ,,,,,,0 
O ouu• 
•••• ,,,,•' 
,,,,,,, ... 
.......... ,o 
••• 
~ij····· 
~···· 
Greenhouse-grown 
41 
O 1--.L....~~~___.12~~~~......L.3~~~~~4~~~~~5':--~~~......L.6~~~~~7~~~~~ 8':--~~~~ 9_, 
Mat uri ty stages 
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grown tomatoes (Variety: V. R. Moscow and Fireball) at various 
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Certain experim ental results (Schopfer , 1949) indicate that biosynthesis of 
ascorbic acid and photosynthesis are interrelated. However , nothing specific is 
known , as to how enzymatic synthesis of ascorbid acid is connected with the 
photosynthetic activity. Tombesi et al. (1952) reported that ascorbic acid 
oxidase activity of the tomato fruit decreases rapidly with the ripening process 
and reaches a minimum at the breakers stage. Light has been recognized as an 
important environmental factor in determining the ascorbic acid content of fruits 
and vegetables. Frazier et al. (1954), Mccollum (1946), and Somers et al. (1945) 
all indicated that light energy impinging directly onthe fruits determines their 
ascorbic acid content. Brown and Moser (1941) reported that greenhouse fruit 
had only about half the vitamin C concentration compared to tomatoes grown 
simultaneously in the field. Other factors, such as, mineral composition of 
soil, day and night temperatures, also have a marked influence on the ascorbic 
acid content of tomatoes (Schopfer , 1949). 
Color components 
Total chlorophylls , chlorophyll~ and Q (mg/100 g) ,- increase with the 
size and maturity of the fruits , but decreased as the fruits started acquiring a 
pink color (Figure 7) . Chlorophyll b and a content of greenhouse tomatoes did 
- -
not exist in a 2:1 ratio as was observed in the field grown tomatoes. During 
the growing stages , the field and greenhouse fruits contained green pigment, 
but also had white patches of discoloration , which slowly disappeared with 
advancing maturity. It was observed that the decrease of green pigment was 
considerably less in the greenhouse tomatoes. Greenish yellow spots were 
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Figure 7. Chlor ophylls content of the field and gree nho use tom atoes (Variety: V . R . 
Mosc ow and Fireb all ) at va r ious s tag es of maturation 
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prominent in the pink stage , indicating insufficient color development in .the 
greenhouse fruit during the ripening process. The beta-carotene and lycopene 
content of field and greenhouse tomatoes is shown in Figure 8. The beta-carotene 
content was maximum at the pink stage of field and greenhouse grown fruits. The 
lycopene content of tomatoes was calculated by subtracting the beta-carotene 
content (mg/100 g) from the total carotenoids (mg/100 g) . Greenhouse tomatoes 
lacked the intense bright red color usually found in the field grown tomatoes. The 
exact nature of color development in tomatoes is not clearly understood. Accord-
ing to Wann and McFerran (1960), a complex system of pigmentation is responsible 
for tomato color. Kuhn , and Grundmann (1932) and Smith (1936) indicated that 
environmental and genetic conditions have marked influence on the carotenoid 
formation in tomatoes. It is also evident that lycopene and beta-carotene are 
synthes .ized by separate pathways (Francis, 1958), while carotenoids and phytol 
of chlorophyll molecule are synthetized from a common precursor (Chrastil, 1957). 
· .. Porter and Lincoln (1950) proposed a scheme for the biosynthesis of carotenoids 
in tomatoes which, in essence, involves the stepwise dehydrogenation of 
tetrahydrophytoene to lycopene followed by its isomerization to alpha, beta, 
and gamma carotenes. General observations concerning carotenoid production 
in leaves were carried out by Goodwin (1952). According to his reports carotenoid 
synthesis appears to be associated with an increased lipitl production and the dis- · 
appearance of starch. The major components of this pigment system are lycopene 
(red), beta-carotene (yellow) and other related carotenoid pigments. Non-uniform 
environme~tal conditions, chiefly light and temperatures and insufficient amount 
of energy could be considered as primary reasons for the uneven color development 
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in the greenhouse tomatoes (Mccollum , 1946). According to Vogele (1937) 
chlorophyll decomposition in tomatoes is prevented by high temperatures. 
Lycopene synthesis in tomatoes is retarded at temperatures above 30° C. 
Free reducing sugars 
Reducing sugars constitute over one-third of the soluble solids of the 
tomato fruit. The sugar content increases uniformly from green mature to the 
vine-ripe condition (Rosa , 1925). Soluble solids of tomatoes are predominantly 
sugars, which in turn is an important attribute of flavor. Quantities of s~le 
solids are largely dependent on nu~bE:r of lea ~~s , irrigation pr~ctices, and 
fertility of the soil (Salunkhe and McLaughlin, 1961) . The free reducing sugar 
· content (per cent) of tomatoes of nine stages of maturity is illustrated in Figure 
9. Reducing sugars such as glucose are found in tomatoes. Hydrolyzable 
disaccharides such as sucrose were not found in these experiments. The 
free reducing sugar content of greenhouse tomatoes was significantly less 
than the field grown tomatoes. A lower concentration of free reducing sugars in 
greenhouse tomatoes could be one of the reasons for the inferior quality of fruit 
flavor. Forshey and Alban (1954) indicated that restricted photosynthetic activity 
due to shading causes a lower sugar concentration in greenJ1ouse _ tomatoes. Greater 
,.- . 
concentrations of free reducing sugars were observed in unshaded tomato fruits 
as compared to the shaded fruits. The tomato fruit itself may serve as a photo-
synthetic organ even though there are no stomates or lenticels (Mccollum, .1946). 
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Total pectic materials and soluble pectins 
Kattan (1957) reported a significant difference in firmness between 
fruits harvested at the green mature stage and fruits harvested at the pink or 
red stage. The softening process is thought to be due to conversion of the insol-
uble protopectin of the middle lamella to water soluble pectins. In this experiment 
the protopectin content (responsible for firmness) increased up to the large green 
stage and decreased as the fruits attained full maturity (Figure 10), indicating 
progressive softening of fruits that accompanied the maturation process. Soluble 
pectins slowly increased during maturation . Quantitatively both of these compounds 
were less in the greenhouse tomatoes as compared to field grown tomatoes. Lack 
of sunlight during the growing period , lower concentration of sugars, and soluble 
solids have been found responsible for the softer fruit (Forshey and Alban, 1954) . 
Moore et al. (1958) indicated that the quantity of soluble solids and firmness of 
tomatoes was reduced by higher fertilization, soil moisture levels, and temper-
atures. The enzyme protopectinase hydrolyges the protopectins to water soluble 
pectins and pectinic acids, causing softening of fruit with ripening process. 
Volatile reducing substances (VRS) 
Flavor development is very closely related to the growth of the fruit. 
Temperature, relative lengths of day and night , humidity , and other environmental 
factors have considerable bearing upon plant growth and the flavor of the fruit. 
Tremendous diff e rences in flavor can be developed both by genetic means and 
physiological controls. Increases in VRS (partially responsible for tomato flavor) 
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were correlated to the stage of matu r ity of the fruit in this experiment (Figure 
11). 
The VRS content vari ed considerably among the different samples of 
50 
the single variety (V. R. Moscow) , indicating the highly sensitive character of the 
flavoring compounds. Concentrations of VRS were significantly less in green-
house grown tomatoes. The distinct aroma and flavor of field grown tomatoes 
was lacking in the greenhouse tomatoes. VRS, because of their sensitivity are 
highly susc eptible to variable env ironmental conditions. Slight alterations in 
day or night temperatures, and lack of supply of enough energy during the 
growing period, can result in loss of typical flavor and aroma of tomatoes. 
Figures 3 through 11, in general, indicate rather similar patterns of 
physiological and biochemical changes in the developing tomato fruits in both 
varities-V . R . Moscow and Fireball-grown in the field and greenhouse. How-
ever, the V. R. Moscow variety grown both in the field and the greenhouse con-
tained higher amounts of pigments, organic acids, ascorbic acid, reducing 
sugars, pectins, and VRS than the Fireball variety (field and greenhouse growth), 
regardless of maturity studied. Fireball tomatoes, especially greenhouse grown, 
lacked a pleasing taste and aroma, usually found in the V . R Moscow variety. 
Volatile Components 
After several attempts a combination of the low boiling organic solvent 
extraction and column chromatography of the tomato flavor and aroma extract 
made possible the gas chromatographic separation of the aroma components. 
The technique of programming (55° C to 190° C with a 5° /min. increase) the 
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Figure 11. Volatile re ducing substances of the fiel d and greenh ouse grown tomatoes 
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temperature linearly was found to afford resolution superior to that of isothermal 
operation. A series of gas chromatographic separations of the complete flavor-
aroma mixtures were obtained by employing conditions listed in Table 4 (page 20). 
Figures 12 through 20 represent the chromatograms obtained from the 
flavor and aroma extra cts of tomatoes (V. R . Moscow), grown in the field and 
greenhouse, at different stages of maturation. The gas chromatograms were 
rather similar in both the field and the greenhouse grown tomatoes. It was 
observed that the concentration of components (measured by the areas under the 
peaks), with the exception of two components (peaks B and D in Figure 20), 
increased during the ripening process . Concentrations of peaks B and D (later 
identified is isopentanal and g-hexanol respectively) increased w ith the ripening 
process up to the breaker and large green (2"-3" or above) stages respectively. 
Both the components showed a considerable decrease in the following stages 
(breakers , pink, and red) followed by a slight increase in the red-ripe stage. 
Concentrations of all the identified components, with the exception of isopentanal 
and g-hexanol, were found to be higher in the field grown tomatoes than those 
grown in the greenhouse (Appendix Table 10). Isopentanal and to a greater 
extent g-hexanol were found to contribute to the typical "green" odor of tomatoes 
(Pyne and Wick, 1965). This finding evidently confirmed that greenhouse grown 
tomatoes , studied during this investigation , were poor in quality, especially 
since .the intense bright r ed color and typical flavor of the field grown tomatoes 
were missing. Presence of large quantities of isopentanal and g-hexanol in 
greenhouse tomatoes could be due to insufficient ripening. -
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Figure 12. Gas chromatograms of the fla vor-a roma extracts of field and gree n-
house tomatoes. Dual columns, each; 1/ 4" o. d. x 10', stainless 
steel packed with 29 per cent carbowax 20 M; Helium carrier gas 
flow = 60-65 cc/min.; Temperature programming = 55° C to 190° C 
with 5° rise/min.; Output atten. = SX; TC detector , Sample injected = 
20 pi 
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F igure 13. Gas chromat ograms of the flavor-aroma extracts of field and green-
house tomatoes. Dual columns, each; 1/4" o. d. x 10', stainless steel 
packed with 29 per cent carbowax 20 M; Helium carrier gas flow = 
60-65 cc/min. ; Temperature programming = 55° C to 190° C with 
5° rise/min.; Output atten. = 8X; TC detector; Sample injected= 
20 p l 
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Figure 14. Gas chromatograms of the flavor-aroma extracts of field and green -
house tomatoes. Dual columns, each; 1/4" o. d. x 10' stainless 
steel packed with 29 per cent carbowax 20 M; Helium carrier gas 
flow= 60-65 cc/min.; Temperature programming= 55° C to 190° C 
with 5o rise/min.; Output atten. = 8X; TC detector. Sample 
injected= 20 Jl 
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Figure 15. Gas chromatograms of the flavor-aroma extracts of field and 
greenhouse tomatoes. Dual columns, each; 1/4" o. d. x 10' 
stainless steel packed with 29 per cent carbowax 20 M; Helium 
carrier gas flow = 60-65 cc/min. ; Temperature programming = 
55° C to 190° C with 5° rise/min.; Output atten. = BX; TC 
detector. Sample injected = 20 fl 
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Figure 16. Gas chromatograms of the flavor-aroma extracts of field and green-
house tomatoes. Dual columns, each; 1/4" o. d. x 10' stainless 
steel packed with 29 per cent carbowax 2.0 M; Helium carrier gas 
flow = 60-65 cc/min. ; Temperature programming = 55° C to 190° C 
with 5° rise/min. ; Output atten. = 8X; TC detector. Sample 
injected = 20 )11 
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Figure 17. Gas chromatograms of the flavor-aroma extracts of field and green-
house tomatoes. Dual columns, each; 1/4" o. d. x 10' stainless 
steel packed with 29 per cent carbowax 20 M; Helium carrier gas 
flow = 60-65 cc/min. Temperature programming = 55o C to 190° 
C with 5° rise/min. ; Output atten. = 8X; TC detector. Sample 
injected= 20 u 
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Figure 18. Gas chromatograms of the flavor-aroma extracts of field and 
greenhouse tomatoes. Dual columns, each; 1/4 11 o. d. x 10' 
stainless steel packed with 27 per cent carbowax 20 M; Helium 
carrier gas flow = 60-65 cc/min. Temperature programming = 
55° C to 190° C with 5° rise/min.; Output atten. = BX; TC 
detector. Sample injected = 20 u ~ 
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Figure 19. Gas chromatograms of the flavor-aroma extracts of field and 
greenhouse tomatoes. Dual columns, each; 1/4" o. d. x 10' 
stainless steel packed with 29 per cent carbowax 20 M; Helium 
carrier gas flow = 60-65 cc/min. Temperature programming = 
55° C to 190° C with 5° rise/min. Output atten. = BX; TC 
detect or. Sample injected = 20 u 
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Figure 20. Gas chromatograms of the flavor-aroma extracts of fiel d and green -
house grown tomatoes. Dual columns, each; 1/4 11 o. d. x 10' stain-
less steel packed with 29 per cent carbowax 20 M; Helium carrier 
gas flow = 60-65 cc/min. ; Temperature programming = 55° C to 
190° C with 5° rise/min. Output atten. = SX; TC detector. Sample 
injected = 20 u 
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Similar gas chromatograms (large green and red-ripe) were observed . 
in the Fireball variety (Appendix , Figures 25 and 26) of tomatoes grown in the 
field and in the greenhouse. A gas chromatogram of artificially ripened red-
ripe tomatoes (V. R . Moscow) was obtained by employing a stainless steel column 
packed with 29 per .cent Carbowax 20M (1/4 11 o. d. x 10'). Other conditions (Table 
4) were rather similar to thos e used for the separation of flavor-aroma concen-
trates extracted from the field and greenhouse grown tomatoes. The concentrations 
of flavoring components measu r ed by the areas under the peaks (Table 9) were sig-
nificantly lower than those found from the red - ripe tomato flavor-aroma extracts 
,. 
from the field and greenhouse tomatoes. Insufficient ripening process and slight 
evaporation of volatile components during ripening could be considered as primary 
reasons for the lower quantities of flavoring components in the artificially ripened 
tomatoes. 
A chromatogr3:m (Appendix, . Figure 27) of red-ripe tomatoes (V. R. 
Moscow) was obtained by employing 500 foot capillary column (coated with carbo-
wax 20 M) and a flame ionization detector. Other conditions used during this 
resolution are shown in Table 4. The combination of flame ionization detector 
and a 500 foot capillary column gave more complete separation of peaks as com-
pared to a thermal conductivity detector and 10 foot columns. . However, difficulties 
such as bleeding of columns (which causes drifting) and extremely small sample 
. ( 
size, prevented their extensive use during this study. 
Identification of Individual Components 
Fifteen distinct peaks were resolved from the red - ripe tomato (V . R. 
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Moscow) flavor extract (Figure 20). In order to identify the individual peaks, 
components were separated according to their functional groups (Viz., alcohols 
g 
(-OH), aldehyde (-CHO) , and esters (-C-0-C- or -COOC-) from the original 
flavor extract by the procedure outlined pre viously on page 20. 
Alcohols 
Out of fifteen distinctly resolved peaks (Figure 20) peaks A, C, D, and 
G1, were characterized as the alcohols. A first step taken towards distinguishing 
the alcohol peaks from the rest of the peaks was accomplished by injecting 20 u 
of the aroma extract (red-ripe stage) in the gas chromatograph having a carbo-
wax 20 M (10' x 1/4" o. d.) column followed by an 18 inch aluminum column packed 
with Carbowax 20 M and 2 per cent boric acid. It was observed that the boric 
acid column removed peaks A, C , D , and G1, completely (Figure 20). Peak G, 
however, was not affected by the boric acid column. The component represented 
by this peak was neither aldehyde nor ester. Retention time of many authentic 
components, pre viously identified elsewhere as tomato flavor aroma components, 
were then studied. After several attempts retention time of _Q{_-pinene , previously 
recognized by Spencer and Stanley (1954), matched the retention time of peak G. 
In order to confirm the identification, _Q_-pinene was separated fro!ll the original 
flavor-extract as the bromo derivative by the procedure outlined on page 23. 
Retention time and melting point of the bromo derivative of O< -pinene was com-
. ' --
pared with the derivative of an authentic sample. Close agreement between 
commercial .2!__-pinene and that separated from flavor-aroma extract confirmed 
that peak G (Figure 20) represented this unsaturated hydrocarbon. Melting points 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
of the bromo deri vatives of authentic and sep arated ~ -pinene are as follows 
Hydrocarbon 
Bro mo 
der ivative 
of J;L-pinen e 
Commercial 
compound 
169 
Melting point 0 c 
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Once the peaks were characte riz ed as alc ohols , they were separated and 
identified individually. Alcohols were separated from the original tomato aroma 
extract by a saturated boric acid solution as mentioned p r eviously on page 20. 
The components were extracted as a group and converted into their 3, 5-dinitro-
benzoate derivatives. This mixtu r e of alcohol derivati ves was separated by thin 
layer chromatography. Many other isomers of butanol , pentanol, and hexanol , 
have been pre vi ously reported (Pyne and Wick , 1965 ; Spencer and Stanley, 1954). 
A comparative study of these isomers, along with those separated and identified 
in this investigation, was also carried out. Table 5 includ~s Rf values of several 
isomers of butanol , pentanol, and hexanol. Figure 23 shows the actual separations 
of authentic samples of 3, 5-dinitrobenzoate derivati ve s of these alcohols. How-
ever, some of these alcohols could not be recognized on the thin-layer plates 
(Figure 21) because of thei.r presence in extremely small concentrations (less 
than 0. 01-0. 03 ppm) in the tomato flavor - aroma extract . Four major alcohols 
separated and identified were isobutanol , isopentanol , g-hexanol, and 2-methyl-
3-hexanol (Figure 21) . The separated alcohols were further characterized by 
Table 5. Rf values on thin-layer chromatograms and melting points of 
3, 5- dinitrobenzoate derivatives of alcohols separated and 
identified from the red - ripe tomato flavor extract (Variety: 
V. R. Moscow) 
Isobutanol a 0.46 . 
Tertiary - butanol 0.47 
n-butanola 0.40 
Isopentanola 0.59 
2-pentanol 0.61 
3-pentanol 0.63 
n-hexanola 0.79 
2-hexanol 0. 78 
3-hexanol o. 76 
2-methyl - 3- hexanola 0.81 
3-methyl-2-butanol 0.62 
3-methyl butanol-1 0.65 
Rf 
Benzene+ ether (1:1. 3) 
Alumina 
0.46 
__ b 
0.49 
0.59 
__ b 
__ b 
0.80 
__ b 
__ b 
0.82 
__ b 
__ b 
Silica-gel 
0.40 
0.41 
0.43 
0.57 
0.60 
0.61 
0.80 
0.78 
0.77 
0.83 
0.62 
0.64 
§ 
O b s s ~ 
O O ~ 
C) cb Q) 
0.41 
b 
0.45 
0.57 
__ b 
__ b 
o. 79 
b 
b 
0.84 
__ b 
b 
aThese alcohols were identified on GLC by retention time data (Table 9) 
as components of tomato flavor aroma extract 
b--Compounds were not found in extracts at concentrations used 
C(d) = diffused 
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Figure 21. Thin-layer chromatogram of 3, 5-dinitrobenzoate derivatives of alcohols separated from the 
red-ripe tomatoes (Variety: V. R. Moscow ; field grown). A= !!_-butanol ; ;B = g-hexanol, 
C = lsopentanol, D = isobutanol ; (u) extract mixture, from bottom= 1 = isobutanol ; 
2 = _g-butanol ; 3 = isopentanol ; 4 = !!-l!exanol. (k) known mixture, from the bottom= 1 = 
is obutanol; 2 = !!_- butanol ; 3 = isopentanol; 4 = _g-hexanol <t ) fold equivalent to 3/4 inch 
Solvent Front c u K A B c 
• • 
Start 
-------------------
-------------------
Figure 22. Thin-layer chromatogram of 2 , 4-dinitrophenylhydra zo ne derivat ive s of ald ehydes sep arated from 
the red - ripe tomatoes (Variety: V . R . Moscow ; field grown ). A== !!_-hexanal , B == isopentanal , 
C == benzaldehyde, (U) Extract mixture from bottom ; 1 == benzaldehyde ; 2 == isopentanal , 3 == !!_-
hexanal (k) Known mixture fr om the bottom ; 1 == benzaldehyde ; 2 == isopentanal , 3 == n-hexanal, 
(~) fold equivalent to 1/2 inch. -
Solvent Front A B u c D E 
• 
Start 
-------------------
-------------------
Figure 23. Thin-layer chromatogram of 3, 5-dinitrobenzoate derivatives of alcohols obtain~d from saponification 
of esters separated from the red-ripe tomatoes (Variety: V . R . Moscow ; field grown). (A) Isomers 
of butanol from bottom, 1 = isobutanol ; 2 = Tert-butanol ; 3 = g-butanol ; (B) isomers of pentanol , 
from bottom ; 1 = isopentanol; 2 = 2-pentanol ; 3 = 3-pentanol ; (U) from extract= isopentanol 
(C) isomers of methyl butanol, from bottom ; 1 = 3-methyl-2-butanol ; 2-3-methyl butanol-1 ; (D) 
authentic compound= isopentanol ; (E) somers of hexanol, from bottom ; 1 = g-hexanol ; 2 = 2-
hexanol ; 3 = 3-hexanol ; 4 = 2-methyl-3-hexanol. (;) fold equivalent to 1.1 inch 
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taking melting points of the 3, 5-dinitrobenzoate derivatives. Melting points of 
the individual (separated from tomato flavor-aroma) alcohol derivatives were 
then compared with the commercial pure alcohol derivatives. Agreement of 
melting points of unknown and known derivatives of alcohols with that of literature 
value confirmed the identification of above mentioned alcohols (Table 5). Many 
alcohols have been found in various fruits. White (1950) reported that normal 
alcohols, ranging from c1 to c6 , were prominent flavor contributors of the 
apple essence . The most common alcohol, ethanol, known to be a product of 
fermentat ion and of anaerobic metabolism of sugars, has been found in free and 
esterfied form in many fruits. The extraction procedure followed in this investi-
gation would not permit separation and identification of this alcohol. Up to this 
stage alcohols were considered as major tomato flavor and aroma constituents. 
Cis-3-hexanol, !!_-hexanol, normal, iso, and active isomers of pentanol were 
thought to be primary contributors to the "green" odor of tomatoes (Spencer and 
Stanley, 1954; Pyne and Wick, 1965). 
Aldehydes 
Aldehydes were separated as a group from the original flavor extract. 
This was done by using benzene phase obtained by following the procedure outlined 
on page 20. Aldehydes (from red-ripe tomato extract) were converted into the 
2,4-dinitrophenylhydrazone derivatives. These derivatives were then separated 
from each other by thin-layer chromatographic techniques. Separation and identi-
fication of furfural was difficult primarily because it had the same retention 
time (on 1/4" o. d. x 10'; s. s. carbowax 20 M) as iso'pentylj:>Utyrijte ~ · '.These two .. 
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components were separated as a mixture (peaks Hand H1, Figure 20). Unlike 
other aldehydes furfural could not be separated from the flavor-aroma extract 
obtained from 200 g of fruit. However, it could be separated effectively when the 
quantity of fruit was increased to 1000 grams. This gave an indication that furfural 
must be present in extremely small concentration in the flavor-aroma extract. 
Other aldehydes like citral, citronella!, vanillin, and g-pentanal have been reported 
elsewher e (Spencer and Stanley, 1954). Table 6 summarizes the Rf values and 
melting points of the 2, 4-dinitrophenylhydrazone derivatives . Benzaldehyde, 
g-hexanal, and isopentanal were the predominating aldehydes found in the tomato 
flavor -ar oma extract (Figure 22). Citral, citronella!, vanillin, and g-pentanal 
could not be separated effectively, because they were present in very small 
quantities (less than 0. 02 ppm). Isopentanal and g-hexanal were observed to be 
two of the major components in giving tomato its 11green or grassy 11 odor. Hexanal 
and its isomers have been identified in a number of natural products . In very dilute 
concentrations these compounds have an odor similar to that of "green banana." 
The quantity of hexanal and its isomers varied with the varities of tomatoes 
(Pyne and Wick, 1965) . Acetaldehyde accounted for 70 per cent of the total 
carbonyl compounds present in the fresh tomato distillates (Spencer and Stanley, 
1954). Acco r ding to Pyne and Wick (1965) cis-3-hexanol and two unidentified 
unsaturated carbonyl compounds were responsible for the pleasant "green" 
tomato odor. Hein and Fuller (1963), reported citronella! and citral as additional 
carbonyl compounds contributing to the pleasant aroma of tomato fruit. 
Table 6. Rf values on thin-layer chromatograms and melting points 
of 2, 4-dinitrophenylhydrazone derivatives of aldehydes 
separated and identified from the red-ripe tomato flavor 
extract (Variety : V . R. Moscow) 
Rf 
Benzene+ ether (1:1. 3) 
Benzaldehyde a 
n-hexanala 
a Furfural 
' ,. ,,, 
Citral 
Citronella! 
Vanillin 
Isopentanal a 
Q-pentanal 
Alumina 
"d "d 
i:: i:: 
i:: g ';j ...... 0 C) 
~ s' s's f 0 0 ...... ~ 8 C) ~ ~ 
0. 38 0.40 
0.67 0.68 
0.48 0.46 
(d)b (d)b 
0.82 c 
(d)b 
0. 84 c 
(d)b 
o. 80 d c 
(s. d. ) 
0.60 0.60 
(d)b (d)b 
0. 67 c 
(s. d , ) d 
Silica -gel 
"d "d 
i:: § i:: ';j ...... 0 C) ~ 0 s' s f O s' 0 0 ...... i:: 0 C) ~ ~ :::a C) 
0.38 0. 38 
0.66 0 . 67 
o. 50 0.52 
(d)b (d)b 
0.84 c 
0.85 c 
0. 78 c 
(s. d.) d 
0.63 o. io 
(d)b (d) 
0.64 c 
(d)b 
aThese aldehydes were identified on GLC by retention data (Table 9) as 
components of tomato flavor-aroma extract 
b(d) = diffused 
c--Compounds were not found in extract at concentrations used 
d(s. d. ) = 'slightly diffused 
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Melting point 0 c Q.) I ..c:: 2, 4-dinitrophenyl 4-> ....... value hydrazone 0 H 
derivative 0 I Benzene+ hexane (1:1) -0 Alumina Silica-gel 0 
bD i,; 
•• rtl 
"d ] "d ] "d rtl Q.) 
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I 0.77 o. 76 0.74 o. 74 107 107 106 Orange 
I 0.59 0.59 0.58 0.57 214 212 211 Orange 
0.79 c 0.79 c 110 110 c Orange I 
0.81 c 0.80 c 7 76 c Orange I 
0.77 c 0.76 c 271 269 c Orange I 
I 0.52 0.52 0.50 0.50 123 122 122 Orange 
0.57 c 0.55 c 98 97 c Orange I 
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Esters 
An ester is difficult to identify as a single component. Alcohols and 
aldehydes wer e re moved from the original flavor - aroma extract by following the 
procedure outlined on page 20. Esters were saponified into their corresponding 
alcohol and acid portions (page 20) . Products of hydrolytic fission were then 
identified separatel y by making corresponding 3, 5-dinitrobenzoate derivatives 
for the alcohol and 12.-nitrobenzyl ester derivatives for acid of the original esters 
present in the tomato extract. Comparison of Rf values and melting points of the 
derivatives from these alcohols with that of known alcohol derivatives confirmed 
that isopentanol was the predominant alcohol portion of the esters found in tomato 
flavor extract. Traces of isobutanol, !!_-butanol and !!_-hexanol were also detected 
(Table 7). Later on with the help of Rf values and a measurement of the retention 
time of the authentic samples of !!_-butyl hexanoate and !!_-hexyl hexanoate it was 
confirmed that !!_-butanol and !!_-hexanol were the alcohol portions bf these esters. 
An extract obtained from 1000 grams of fruit had to be used to identify these 
esters. Fifiu re 23 shows th e chromatographic separation of 3, 5-dinitrobenzoate 
derivative of isopentanol. Agr ee ment of its Rf value with that of isopentanol 
gave further evidenc e th at isop entanol was the major alcohol of the esters 
(Figure 23) . Flavor - aroma extr a ct concentrated from 1000 grams of fruit had 
to be emplo yed to identify the !!_-hexanoic acid portions of the saponified !!_-butyl 
hexanoate, and !!_-hexyl hexanoate. !!_-butyl hexanoate and !!_-hexyl hexanoate 
were distinctl y separated by GLC techniques (peak J and M; Figure 20) from the 
extract obtained from 200 gr ams of fruit. However, these esters were not 
Table 7. Rf values on thin-layer chromatograms and melting points of 
3, 5- dinitrobenzoate derivatives of alcohol portion of the 
hydrolysed esters separated and identified from the red-ripe 
tomato flavor extract (Variety: V. R. Moscow) 
(!) 
..Cl 
-+-> Rf 
....... 
0 
i:: Benzene+ ether (t:1. 3) 0 
...... Alumina Silica-gel -+-> 
~ 
0 
"d ] ] ] 0. 0 
....... ~ 5 ::s -+-> 0 5 ::s -+-> Ul O Ul 0 0 0 0 ~ ..Cl ~ 
0 ~ ~ s c,j ~ ~ ~ s c,j .& 8 .& O O .,b 0 o Oh Ul 
....... Ul 0 0 0 0 ~ < (!) ~ 0 0 ~ x ~ 0 ~ x 
"""' (!) 0 ....... (!) 
lsopentyl acetatea Isopentanol 0.59 0.59 0.57 0.58 
Isopentyl butyrate a _ Isopentanol 0.59 0.59 0.59 0.59 
Isobutyl e Isobutanol 
(traces) 0.40 0.41 0.44 0.43 
Isopentyl-isovalerate~ Isopentanol 0.59 0.59 0.58 0.57 
Methyl isovalerate Methanol 0.30 --b 0.29 b 
g-butyl hexanoatea n butanol 0.50 0.50 0.43 0.44 
(t)d (t)d 
Ethyl hexanoate Ethano ~ 0,35 b 0.34 b 
Methyl hexanoate Methanol 0.30 b 0.29 b --
n-pentyl hexanoate 
.!!: pentanol - 0.68 b 0.67 b 
n-hexyl hexanoatea n-hexanol 0.79 0.80 0.80 0.80 
aThese esters were identified on GLC by retention time date (Table 9) as 
components of tomato flavor-aroma extract 
b-- Compounds were not found in extracts at concentrations used 
c(d) = diffuse 
d(t) = tr aces 
e Acid portion of the hydrolysed ester could not be detected 
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I :::a C) O cb @ :::a C) O J:j @ .....:! > :::a C) <r: Cl) 0 Cl) A ~ 0.52 0.52 0.50 0.50 61 61 63 Red 
I 0.52 0.54 0.51 0.51 61 60 63 Red 
I 0.28 0.30 0.31 0.30 87 86 b Red (d)c (d)c (d( (d)c 
I 0.51 0.52 0.51 0.52 61 61 62 Red 
0.21 -- b 0.22 __ b 109 108 b Red I --0.37 0.37 0.35 0.36 64 64 63 Red 
I 
(t)d (t)d 
0.29 b 0.27 b 93 92 b Red --
I 0.21 __ b 0.22 b 108 108 b Red 
0.58 b 0.50 --b 46 46 b Red I --0.70 0.69 0.66 0.60 60 60 58 Red 
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found in sufficient quantities to make corresponding 3, 5- dinitrobenzoate and 
:Q_-nitrophenacyl ester deriv at ives for TLC separation. An extract concentrated 
from 1000 grams of fruit was us ed to identify these esters using thin-layer 
chromatograph y . Authentic samples of met hyl valerate, ethy l, methyl, and 
!!_-pentyl hexan oates were sapon :i:fied and the Rf va lues of the al cohols (ethanol, 
methanol, n-pent anol) of these ester s were compared with the alcohols separated 
from the esters that were isol ate d from the tomato flavor - aroma extract. This 
comparison ga ve no indication of the presence of ethanol, methanol, and !!_-pentanol 
and hence their corresponding esters, in the original tomato flavor extract. 
Tabl e 8 summarizes th Rf va lues of the g-nitrobenzyl ester derivatives 
of the aci d portion s of esters. Acetic, :g_-butyric and !!_-hexanoic acids were found 
in minute quantiti es . The iso and normal valeric acids were found in large 
quantities. Acetic and !!_-butyric acids were not present in sufficient quantities 
for isolation and identification. These compounds did not appear on the thin-
layer chromatogram (F igure 24). :e,-nitrobenzyl ester derivatives of acetic, 
!!_-butyric, isovaleric, and !!_-Valerie acids do not have sharp melting points. 
Therefore, g-bromophenacyl ester derivatives of these acids were prepared. 
Melting points of known and unknown derivatives are shown in Table 8. 
Once the alcohol and acid portions of esters were identified it was clear 
that most of the esters separated and identified in this investigation were isopentyl 
esters. Isopentyl acetate, isopentyl butyrate, isopentyl-isovalerate, !!_-butyl 
hexanoate and !!_-hexyl hexanoate were identified, None of the esters of which the 
components were rigourously identified have been previously reported as tomato 
flavor- aroma constituents. 
Table 8. Rf values on thin-layer chromatograms and melting points of 2_-nitro-
ben zyl ester and g-bromophenacyl ester derivatives of acid portion of 
the hydrolysed esters separated and identified from the red-ripe 
tomato flavor extract (Variety: V . R . Moscow) 
Rf values of p,-.nitrobenzyl 
Benzene+ ether (1:1. 3) 
Isopentyl acetatea 
a Isopentyl butyrate 
Isopentyl-isovalerate a 
----:valerateb · 
!!_-butyl hexanoatea 
Ethyl hexanoate 
Methyl hexanoate 
_g-pentyl hexanoate 
!!_-hexyl hexanoatea 
Acetic acid 
!!_-butyric acid 
Isovaleric acid 
+ 
n-valeric acid 
n-hexanoic acid 
n-hexanoic acid 
n-hexanoic acid 
n-hexanoic acid 
n-hexanoic acid 
Alumina 
o. 30 
0. 41 
0.50 
0.56 
0.63 
0.63 
0.63 
0.63 
0.63 
0.30 
(t)C 
o. 40 
(t)c 
0.50 
0.56 
0.63 
__ d 
__ d 
d 
0.63 
0.28 
0.38 
0.48 
0.57 
0.64 
0.65 
0.65 
0.65 
0.65 
aThese esters were identified on GLC by retention time data (Table 9) as 
components of tomato flavor - aroma extract 
b Alcohol portion of hydrolysed ester could not be determined 
c(t) = traces 
d--Compounds were not found in extracts at concentrations used 
0.28 
(tf 
0.48 
0.57 
0.65 
d 
__ d 
__ d 
0.64 
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I Melting point ° C Melting point 
0 c ~ 0 
of Q_-nitrobenzyl of Q_-bromophen- !-l 
ester derivatives "d 
ester deriv. acyl ester deriv. ~ Q) 
I Benzene+ hexane (1:1) ~ !-l Alumina Silica-gel b.O ...., . ...., ~ 
..... C) b.O C) 
] ] S !-l ro Q) ..... ro ] ] ] 0 .b "d . s · !-l •• :;j . 0 !-l ~ 
.~ 
· 0 .;..., 0 I :;j :;j ...., :;j :;j :;j 0 <+-< :><: - . :;j i.. 'o ~ :o~ ...., Jj O Q) Cl! ~ O O C) ~ ~ 0 C) ~ ~ :> ~ 0 <+-< C) Q) @ ~ @ § h 0. s Cl! Q) "d !-l • t~ "d !-l • Q)~ s Ob • :;j .... 2 !-l ..J .... 2 !-l.;.., 
...., -~ 0 0 !-l :><: ..... Cl! ~ 0 C) 00 :> ..... ~ · C) 00 :> Q) Q) ~ 0 0 !-l :><: ~ 0 
I C) <+-< Q) ~ C) 0 <+-< Q) H :> ~ C) < Q) i;::: H 
C) . < Q)r;;:::: ~!-l 
0.20 0.20 0.19 0.19 78 85 85 (tf Red 
(t)c (tf 
I 0.31 0.31 0.29 0.28 35 63 62 (t)c Red 
(t)C (t)c 
I 0.41 0.41 0.36 0.37 68 68 66 Red 
I 0.43 0.43 0.44 0.45 75 74 74 Red 
0.49 0.49 0.51 0.53 72 72 71 Red 
I o. 50 d 0.51 d 72 71 d -- Red 
I 0.50 d 0.51 d 72 72 d -- Red 
0.50 d 0.52 d 72 72 d -- Red 
I 0.50 0.50 0.52 0.53 d d __ d 72 72 71 Red 
I 
I 
I 
I 
I 
Solvent Front A B u K A B .c D 
• • 
• 
Start 
-------------------
-------------------
Figure 24. Thin-layer chromatogram of :2_- nitrobenzyl ester derivatives of acids obtainep. from saponification 
of esters separated from the red-ripe tomatoes. (Variety: V. R. Moscow; fiel d grown) , A= 
g_-valeric acid , B = isovaleric acid, C = g_-butyric acid, D = .acetic acid, (U) extract mixtur e, 
from bottom; 1 = acetic acid (not visible); 2 = g_-butyric acid (not visible); 3 = isovaleric acid; 
4 = g_-valeric acid ; (K) Known mixture from bottom = 1 = acetic ac id ; 2 = g_-butyri c acid ; 
3 = isovaleric acid; 4 = g_-valeric acid 
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Precursors of volatile components: 
A general discussion 
It is premature at this time to predict the precursors from which many 
of the volatile components identified from the tomato fruit (Table 9) are synthesized. 
However, it is possible to speculate that enzymatic degradation of sugars and amino 
acids such as valine, leucine, and isoleucine, may act as the precursors for the 
biochemical synthesis of volatile alcohols, aldehydes, and esters. Many of the 
volatile compounds recognized in this investigation are organic components having 
skeleton containing carbon atoms ranging from C1 to C7. Therefore, it is 
possible that the isoprene unit (CH2 = C-CH = CH2), a parent structure of carotenoids 
cJ3 
having the same carbon skeleton as isopentanol, isopentanal, and various isopentyl 
esters, might act as a starting unit for various five carbon components recognized 
in this investigation. Isopentyl pyrophosphate, an intermediary compound formed 
during the biosynthesis of Beta-carotene from acetic acid and coenzyme A (CoASH), 
could also act as a precursor to many pentyl alcohols, aldehydes, and esters. 
Hultin and Proctor (1961) reported that pyruvic acid, valine, and oleic acid are 
the banana aroma precursors. 
Synthesis of aldehydes from the enzymatically catalyzed oxidative de-
carboxylation of amino acids was suggested by Winter et al . (1963). Results of 
tracer studies showed that aldehydes, such as acetaldehyde found in evaporated 
milk; could be a product of either lactose breakdown or the deamination and 
decarboxylation of alanine (Dutra et al., 1959). Meigh (1956) reported that 
unbranched aldehydes might possibly be found as by-products of the fatty acid 
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I Table 9. Retention time data and comparison of conc,entrations (ppm) of 
I 
volatile components separated (on 1/4" o. d. x 10' ·s.. s. c.olumn, 
carbowax 20 M; TC detector; Ref., Table 4) and identified from 
the red-ripe tomatoes (field, greenhouse and artificially ripened. 
I Variety: V. R. Moscow) 
Description Retention Concentration in 22m 
I of the peaks time Field Greenhouse Artificially (Figure 20) Component (minutes) grown grown ripened 
I A Isobutanol 16.32 1. 5 1. 8 0.87 
B Isopentanal 18.55 4.0 3.9 2.2 
I c Isopentanol 23.15 1.4 1.2 0.60 
I D n-hexanol 24.58 
2.0 3. 8 1. 8 
E Isopentyl 
acetate 25.46 1. 0 0.06 0.04 
I F n-hexanal 26.44 1. 8 3.7 1. 2 
G JX_ -pinenea 28.01 0.03 b 
I --Bromo derivation of A_-pinene 29. 37 
I G1 2-methyl 3-hexanol 28.07 6.0 4.7 3.7 
I H Isopentyll butyrate 28.51 4.0 3.7 2.6 
Hl Furfural I 28.51 
I ,_) I Isopentyl-
isovalerate 29.57 6.5 4.9 3.7 
I J ~-butyl 
hexanoate 32.21 1. 2 0.16 1. 0 
I K Methyl salycilate a 33.50 1.1 0.20 0.82 
I L Benz aldehyde 36.42 0.90 0.30 0.44 
M ~-hexyl 
I hexanoate 40.36 0.82 0.70 0.40 s Solvent 
I (Benzene) 8.23 a Tentative identification based on retention data only. 
b--Less than or equivalent to 0. 02 ppm. 
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cycle, while branched chain compounds like isopentanal could occur as a by-product 
of terpene synthesis or catabolism. 
Volatile alcohols, aldehydes, and esters are widely distributed in fruits. 
The biosynthesis of these compounds and their physiological significance in the 
plants are still obscure. Heinz et al. (1965) reporte d that the biosynthesis of 
esters which are the principal characteristic flavor component of Bartlett pears, 
I 
were found to increase rapidly at the cli mat eric peak and continued to increase 
as ethylene and carbon dioxide production declined. 
In some plants an alcohol may be combined with glucose to form a 
glycoside. Meigh (1956) reported that methyl salycilate in wintergreen could 
arise mainl y from its glycoside by enzymatic action. Lipid constituents of the 
plants such as phospholipids and waxes do not generally contain volatile fatty 
acids. Lower fatty acids such as acetic acid, could be produced by oxidation 
of ethanol or acetaldehyde. Buty ric and higher acids containing even number of 
carbon atoms might result from cond~nsation of acetate units. Lower acids could 
also occur as a result of microbial fermentation. 
Retention data 
Once all the components were identified with the help of thin - layer 
chromatographic techniques it was necessary to characterize individual peaks 
on gas chromatogram obtained from red - ripe tomatoes (Figure 20). This was 
done by employing known (volatile) compounds, at least 95-98 per cent pure. 
The known compounds were analyzed by gas chromatography to establish their 
degree of purity and they were then used in the preparation of various binary and 
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multiple mixtures which were analyzed to establish the correct elution times of 
the individual flavor components previousl y identified. To attempt to prepare 
the complex tomato flavor concentrate , a mixture was prepared of all the components 
identified. The retention time of the va rio us peaks (from A to S) are summarized 
in Table 9. Five pl of the diluted solution , pre pared by dissolving 10 pl of 
known compound in 1 ml of benzen e, was inj ecte d each time. This concentration 
was found to give a fairly sharp peak (output attentuation = 8X). Each reading is 
an average of three readings, first of an analyti cally pure single component, 
second when present in an authenti c mixtur e of all the pure components, third of 
the individual component inje cted al ong with the original tomato flavor and ardma 
extract . Concentrations of indi v idual compon ent s of the red - ripe tomatoes grown 
in the field, in the greenhouse and ar ti fici ally ripen ed tomatoes also are shown in 
Table 9. The areas under the peaks, r epresenting concentrations of various 
flavoring components, were calculated with the help of a planimeter. The area 
under the peak of an authentic sample of ben zene was used as a standard. Con-
centrations of indi vidual components of the (V. R. Moscow) tomato flavor extract 
(field and greenhouse grown) at differ ent stages of maturation are shown in Table 
10 in the Appendix. 
Contribution of Compounds to Fl av or and Aroma 
The odors of many of the compounds listed in Tab~e 9 are normally con-
sidered rather obnoxious. Their · odors, however , become less objectionable, 
and even pleasant, when dilutions of a mixture con taining all the components were 
carried out. Synthetic mixtures were prepared by mixing the following quantities 
I 81 
I 
of known (95-98 per cent pure) compounds. 
I Components Mixture A Mixture B Mixture C (ml) (ml) (ml) 
I Isobutanol 0.15 0.18 0.15 
I Isopentanal 0.40 0.39 0.40 
Isopentanol 0.14 0.12 0.14 
I n-hexanol 0.20 0.38 0.20 
I Isopentyl acetate 0.10 0.006 0.10 
n-hexanal 0.18 0.37 0.18 
I ~-pinene 0.003 
I 2- methyl - 3-hexanol 0.60 0 .4 7 0.60 ,. 
Isopentyl butyrate 0.40 0.37 0.40 
I Furfural 
I Isopentyl-isovalerate 0.65 0.49 0.65 
!!_-butyl hexanoate 0.12 0. 016 0.10 
I Methyl salycilate 0, 11 0.20 0.11 
I Benzaldehyde 0.09 0.03 0.09 
!!_·-hexyl hexanoate 0.08 0.07 0.04 
I Distilled water 15. 00 
I Mixtures A and B prepared by mixing quantities (in ml) of compounds 
found in the red-ripe tomatoes (V. R. Moscow) grown in the field, and greenhouse, 
I had a "spicy" or "clove oil" type smell. This indicated that the spicy odor of 
I methyl salycilate, though in traces, had a profound influence. However, when 
the synthetic mixture A was diluted with 15 ml of distilled water the aroma of the 
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mixture changed towards a pleasant "cherry like" flavor. It is assumed that 
sugars and organic acids contribute considerably to the ultimate flavor of 
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tomato fruit. A synthetic mixture, containing amounts of sugars (3. 9 per cent) 
and organic acids (613 mg/100 g) found in the red-ripe tomatoes (V. R. Moscow), 
was prepared. 7. 5 gof glucose, and 613 mg (316 mg of citric acid and 297 mg of 
malic acid) of organic acids were diluted with 186 ml of distilled water, respec-
tively. To this mixture (3. 5 ml; concentration of volatile components found in 
red-ripe tomatoes) synthetic mixture A was added. Organoleptic evaluation of 
this sugar+ organic acids+ volatile cofnponents mixture ,also showed the "cherry 
like" sweet odor. Therefore, to this mixture about 2 1/2 g of red-ripe deodorized 
tomato puree was added. Deodorized tomato puree was prepared by extracting 
fresh tomatoes with benzene and ethyl chloride (page 13) . The extraction was 
carried out until the entire flavor-aroma of tomatoes was removed. The residue 
or pulp was completely free from tomato odor. This test gave a flavor of synthetic 
mixture somewhat similar to that of tomato odor. Among the compounds identified 
during this research, isopentanal, !!:_-hexanol (in very dilute solutions) , and 
2-methyl-3-hexanol exhibited a "green leafy" flavor and odor. This observation 
was also recorded by Pyne and Wick (1965). 
On the basis of organoleptic evaluation, it is now quite clear that the 
compounds separated and identified during this research do not alone make up 
the typical flavor and aroma of the tomatoes. It is evident that the influence of 
the volatile reducing substances, sugars, organic acids, and total titratable acidity 
do contribute significantly in the creation of ultimate pleasant aroma of tomato 
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fruit. The presence of unsaturated terpenes , such as citral , citronellal , and 
ex -pinene must contribute extensively to the typical aroma of tomato fruit. Some 
of the minor flavoring components are present in extremel y small quantities. 
These components could not be separated by the me thod of extraction followed 
in this investigation. Their absence could influ ence the duplication of typical 
tomato flavor. However, due to the comple x nature and varying chemical 
compositions of a great number of organic compounds it was not possible to 
duplicate the tomato flavor - aroma concen tr ate with the components separated 
and identified in this investigation. 
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SUMMARY AND CONCLUSIONS 
Two varieties of tomatoes (V. R. Moscow and Fireball) grown in the 
field and in the greenhouse were examined for non -v 6latile and volatile components. 
The biosynthesis of non-volatile compounds by tomato fruit parallels the 
growth rate of the fruit, regardless of varieties studied. Volatile reducing sub-
stances (VRS,,ueq. /100 g), reducing sugars (per cent) water soluble pectins 
(per cent), and organic acids (mg/100 g) progressively increased in quantity with 
advancing maturity of tomatoes grown in the field and in the greenhouse. Total 
titratable acidity (per cent) and total pectic materials (per cent) increased during 
initial stages of maturation, but gradually decreased as the fruit ripened. Ascorbic 
acid (mg/100 g) increased with the maturity of fruit but declined slightly in the 
later (red, and red-ripe) stages of maturation in the field grown tomatoes. The 
ascorbic acid content (mg/100 g) of the greenhouse grown tomatoes continued to 
increase through all stages. The concentration of compounds (chlorophylls, 
carotenoids, and lycopene; mg/100 g) contributing to the coloration changed sig-
nificantly as the fruit passed through various stages of maturation. Tomato fruit 
quality, as determined by the total titratable acidity, color development, free . 
reducing sugars, pectins, VRS , organic ac ids , and ascorbic acid , varied markedly 
between the field and greenhouse grown tomatoes.. Concentrations of all the non-
volatile compounds, with the exception of total titratable acidity, were lower in 
greenhouse grown tomatoes than in the field gr own tomatoes. Concentration of 
VRS in the greenhouse tomatoes was about half of that found in the field grown 
tomatoes. Lower concentrations (12 per cent and 10 per cent respectively) of 
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organic acids and sugars, along with the lower concentration of VRS, considerably 
affected the flavor, aroma, and taste of greenhouse tomatoes. In general 
tomatoes grown in the greenhouse were "flat" and tasteless, indicating inferior 
quality of fruit. The patterns of physiological and biochemical changes occurring 
during the development of tomato fruit , grown in the field and in the greenhouse, 
were fo:und similar in both varieties studied. However , V. R. Moscow fruit (field 
and greenhouse grown) contained higher amounts of pigments, reducing sugars, 
pectins, organic acids, ascorbic acid , and VRS than the fruit of Fireball variety, 
regardless of stage of maturity studied. Fireball tomatoes , especially greenhouse 
grown, were inferior in flavor and taste to the field grown tomatoes of the same 
variety. 
The isolation and identification of the volatile components of tomatoes 
(V . R. Moscow-field and greenhouse grown) were studied. Linear temperature-
programmed gas chromatography with a thermal conductivity detector gave good 
results. Gas chromatographic records of complete flavor-odor mixtures, extracted 
from the tomatoes of different maturities, were obtained. The concentration of 
volatile components, with the exception of isopentanal and !!_-hexanol increased in 
parallel with the growth of the fruit, regardless of whether they were field or 
greenhouse grown tomatoes. Fifteen distinct peaks were resolved in the red-
ripe tomatoes (V. R. Moscow) . Chromatograms were found quite similar for 
. both field and greenhouse grown tomatoes at all the degrees of maturation. In 
the artificially ripened tomatoes (red -ripe: V. R. Moscow) , the concentrations 
of volatile components were lower than for field or the greenhouse grown 
tomatoes. 
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Identification of flavor-aroma components was carried out by the thin-
layer chromatography and was confirmed by gas chromatography retention time 
data. Four alcohols viz., isobutanol , isop entanol, :!!_-hexanol, and 2-methyl-
3-hexanol were separated and identified. 
Isopentanal, _!!-hexanal, and ben za ldehyd e, were found to be the three 
major aldehydes. Furfural was found in minute quantities. Among esters, 
isopentyl acetate, isopentyl butyrate, isopen tyl isovalerate, and _!!-butyl hexanoate 
and _!!-hexyl hexanoate were separated and iden tifi ed. Identification of these esters 
as major contributors to the flavor - aroma of the toma toes has never been reported 
previously. Identification of meth yl sa lycilate, benzald ehyde, and (){ -pinene 
confirmed previous reports. 
The concentrations of all the volatile componen t s (ppm) , with the exception 
of isopentanal and _!!-hexanol, were found to increase with the maturity of fruit 
grown either in the field or greenhouse. Isopentanal and _!!-hexanol, presumably 
giving tomato its "green leafy" fla vor, were found to be present in highest con-
centrations in the breakers, and large green (2" - 3" or more) stages , respectively . 
Concentrations of individual esters, at different stages of maturation , 
were higher (varying approximately from 100 to 400 per cent) in the field grown 
tomat oes as compared to the greenhouse grown tomatoes. IsoJ?entanal and 
_!!-hexanol, at various stages of matu r ation , were found in higher concentration 
(100 to 300 per cent) in the greenhouse tomatoes than in field grown tomatoes. 
Presence of large quantities of isopentanal and _!!-hexanol , together with lower 
concentrations of esters, and non -volatiles in the gr eenhouse tomatoes is probably 
a primary reason for the inferior quality of the fruit. Concentrations of other 
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volatile components were found to be slightly (2 to 10 per cent) higher in the 
field grown tomatoes than in greenhouse grown tomatoes. 
87 
Synthetic mixtures (prepared by mixing compounds with concentrations 
in terms of ml, found in the red-ripe tomatoes of the field and greenhouseL had 
"spicy" or "clove oil" type odor. Dilution of synthetic mixtures with distilled 
water changed the "spicy" flavor to a more pleasant flavor. It is evident that 
creation of typical tomato odor is greatly influenced by the non-volatile compounds, 
such as, total titratable , organic acids . Since tomato solids consist of 60 per 
cent reducing sugars the possibility exists that sugars in the presence of large 
quantities of water may serve as a diluting agent for the volatile components. 
Many volatile components, identified in this investigation, have exhibited pleasant 
aroma upon dilution with water. The influence of fre e reducing sugars in giving 
tomato its typical flavor may be an important factor. Duplication of tomato 
flavor-aroma using compounds identified in this research posed extreme diffi-
culties primarily due to the complex nature of various organic compounds involved. 
It is possible that some of the minor components unidentified in this investigation 
could also be major contributory factors in giving tomato its typical flavor and 
aroma. Tomato fruit may be lacking a single compound, which might have 
characteristic odor of'the fruit such as r -decalactone, found in peach. 
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SUGGESTION FOR FUTURE WORK 
Evaluating the data gathered from this investigation, it is evident that 
more detailed studies could be made. The following are some of the sugges-
tions which could be carried out in the future. 
Organoleptic evaluations of synthetic flavor-aroma mixtures indicate 
that typical tomato flavor may be due to higher boiling components. Compounds 
present in this fraction have not been yet thoroughly characterized. ];our peaks 
0 
appearing above 190 C and some of the minor components not identified in this 
investigation should be studied. 
Presence of isopentanal and g-hexanol in larger concentrations in the 
breakers and large green stages, and their subsequent decline in the succeeding 
stages leads to speculation that other compounds such as esters might be syn-
thesi:zed at the expense of these substances. A radioactive tracer study would 
throw more light on the catabolism of these two volatile components. 
Fifteen distinct peaks were resolved and identified from the red-ripe 
tomato extract. It is assumed that biosynthesis of these compounds are 
enzymatically catalyzed. Each component likely has its own enzyme system. 
It was indicated that non-volatiles such as sugars, ascorbic, and organic acids 
play significant roles ·in the creation of tomato flavor. Enzymatic studies of 
ascorbic acid oxidase, hydrogenases, carboxylases and other oxidases might 
help in tracing not only the biosynthetic pathways of these non-volatiles, but 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
also could assess some major influences on flavor development of fruit along 
with its growth. 
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Amino acids have been reported as the pr ecur sors of many volatile 
components of fruit and vegetables. In tomatoes at least 5 major amino acids 
have been identified. Previous studies have indicated that alcohols and carbonyl 
compounds could arise indirectly from deamination and decarboxylation of their 
corresponding free amino acids. Leucine has been recogni zed as one of the 
free amino acids in the tomato fruit. Accordingl y it could be assumed that 
leucine might serve as a precursor of isopentanal , which in turn might act 
as a precursor of the corresponding alcohols and esters. Metabolism of leucine 
in tomatoes could be studied by radioactive tracer techniques. 
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Gas chromatograms of the flavor-aroma extracts of field and green-
house tomatoes. Dual columns , each; 1/4" o. d. x 10' stainless steel 
packed with 29 per cent carbowax 20 M; Helium carrier gas flow = 
60-65 ml/min. ; Temperature programming = 55° C to 190° C with 
5° rise/min.; Output atten. = 8X; TC detector. Sample injected = 
20 ,1 
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greenhouse tomatoes. Dual columns, each; 1/4 11 o. d. x 10' 
stainless steel packed with 29 per cent carbowax 20 M; Helium 
carrier gas fl.ow = 60-65 ml/min. ; Temperature programming = 
50 C to 190° C with 5° rise/min. ; Output atten. = BX; TC 
detector. Sample injected = 20 .fl 
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Table 10. Concentrations (ppm ) of volatile components of the field and greenhouse grown tomato (Varie ty : V . 
R . Mosco w) fla vor extracts at different stages of matur a tion 
Field grown 
Isobutanol 
Isopentanal 
Isopentanol 
n-hexanol 
Isopentyl acetate 
n-hexanal 
o:.. -pinene 
2-methyl-3-hexanol 
Isopentyl butyrate 
Furfural 
Isopentyl-isovalerate 
_!!-butyl hexanoate 
Methyl salicylate 
Benz aldehyde 
!!_-hexyl hexanoate 
i..i 
0 
* 
0.3 
* 
* 
* 
* 
* 
* 
* 
* 
0.20 
* 
* 
* 
* 
,-j 
I 
~ 
CV:, 
II 
~ 
* 
1. 0 
* 
0.40 
0.10 
* 
* 
0.60 
0.80 
* 
1.4 
* 
* 
* 
* 
Concentration in parts per million (ppm) 
0.16 
1. 6 
* 
1. 9 
0.10 
* 
* 
1. 5 
0.90 
* 
1. 6 
* 
* 
* 
* 
0.20 
2.4 
* 
2.2 
0.16 
* 
* 
2.1 
1. 8 
* 
2.0 
* 
* 
* 
* 
0.60 
2.6 
* 
5.4 
0. 20 
1. 2 
* 
2.3 
1. 9 
* 
2.0 
* 
* 
* 
* 
II 
0.70 
5.7 
* 
1. 9 
0.40 
1. 8 
* 
2.3 
2.0 
* 
2.3 
* 
* 
* 
* 
II 
0.80 
3.8 
0.90 
1. 9 
0.50 
1. 8 
* 
4.4 
3.0 
* 
4.5 
0.09 
0.13 
0.11 
* 
"d 
Cl) 
i..i 
II 
00 
1.1 
3.6 
1.1 
1. 5 
0.70 
1. 9 
* 
4.9 
3.1 
* 
4.8 
0.16 
0.14 
0.12 
* 
Cl) 
P.. 
...... 
i..i 
I 
"d 
Cl) 
i..i 
II 
0:, 
1. 5 
4.0 
1.4 
1. 8 
1. 0 
2.0 
0.25 
6.0 
4.0 
* 
6.5 
0.85 
1.1 
0.90 
0.82 
.... ________________ _ 
Table 10. Continued 
Concentration in parts per million (ppm) 
~ ~ ~ Cl.l Q.) ~ ~ 0 Q.) ~ 0.. 
'Cl 0 r-i Q.) Q.) ..... 
~ I ~~ M ~ ~ ~ ::l r-i ~ I 
0 <N 'S!i I r-i C'? I Q.) ~ 'Cl 'Cl 
~ .......... ~ .......... Q.) ~ ..... Q.) Q.) r-i C'? ~ r-i r-i c-J bD .0 0.. ~ ~ 0 ~ 
0 II ....... II II II II ell II II II II Q.) ....... 0 r-i .0 <N C'? 'S!i It:) c:.o t- 00 O') 
Greenhouse grown 
Isobutanol * * * 0.40 0.40 0.40 1. 2 1. 3 1. 8 
Isopentanal 1. 2 1. 9 2.6 2.9 3.9 6.8 2.4 2.0 3.9 
Isopentanol * * * * 0.20 0.20 0.50 0.90 1. 2 
n-hexanol 0.2 0.3 2.0 3.9 5.0 3.4 3.3 3.0 3. 7 
Isopentyl acetate * * * * * 0.09 0.09 0.10 0.16 
n-hexanal * * * * 1. 6 1. 8 2. 0 3.1 3.8 
~-pinene * * * * * * * * * 
2-methyl-3-hexanol 0.50 1. 0 1. 0 1. 7 2.2 2.9 4.0 4.3 4.7 
Isopentyl butyrate 0.11 0.9 0.9 1. 6 2.4 2.8 3.2 3.7 3.7 
Furfural * * * * * * * * * 
Isopentyl-isovalerate 1.1 1. 6 1. 6 1. 9 2.1 2.9 4.. 2 4.6 4.9 
!!_-butyl-hexanoate * * * * * * * 0.11 0.20 
Methyl salicylate 1* * * * * * 0.10 0.13 0.20 
Benz aldehyde * * * * * * 0.09 0.12 0.30 
!!_-hexyl hexanoate * * * * * * * * 0.70 
*Represents concentration of compound equal to or less than O. 08 ppm (these compounds appeared as small 
bumps on the chromatdgrams). 
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